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A STUDY OF THE PHYSIOLOGIC FORMS OF KERNEL 
SMUT (SPHACELOTHECA SORGHI) OF SORGHUM * 

By L. E. Melchehs, Plant Pathologist, Kansas Agricultural Experiment Station, 
and Agent, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture; C. H. Ficke, Junior Pathologist; and 
C. O, Johnston, Associate Pathologist, Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Studies have been made at the Kansas ’Agricultural Experiment 
Station over a period of 14 yeare (1916 to 1930) on the kernel smut 
(Sphaceloiheca sorghi (Link) Clinton) of sorghum (Sorghum rulgare 
Pers. ) . Those studies have incl uded varietal resistance (7) i Jtipro ved 
methods for control (2, J), physiologic specialization, cultural studies 
on artificial media (6’, 1), and the mode of inheritance of smut resist- 
ance in sorghums (8). In varietal studies by Reed and Melchers*(7) 
over a period of seven years at Manhattan, Kans., Brooklyn, N. Y., 
Columbia, Mo., and at the Arlington Experiment Farm, Rosslyn, 
Va., certain varieties of durra, all varieties of milo, selections of fete- 
rita, darso. Dwarf hegari, and Sudan corn included in the tests were 
highly resistant to or immune from the common kernel sjiiut, S, 
sorghi. Following this study, Tisdale, Melchere, and Clcmmer 
called attention to the fact that pure lines of milo, hegari, and feterita 
were attacked by kernel smut. They believed the smut on milo 
and hegari to be a distinct physiologic form of kernel smut, but were 
uncertain whether it was a strain of S. sorghi or a hybrid fungus be- 
tween S, sorghi and the loose kernel smut, S. cruenta (Kuehn) Potter, 
as the fungus had characteristics of each. The kernel smut found on 
the feterita was considered to be a distinct form. 

-Kulkarai (3) in 1921 made some interesting observations in India 
Which are worthy of consideration. He obtained seed of Dwarf 
Yellow milo from the United States Department of Agriculture and 
after inoculation with spores of Sphacelotheca sorghi and S. cruenta 
sowed it on the agricultural college farm at Poona, India. He ob- 
tained 635 heads, of which 3 were infected by S. sorghi (0.47 per cent 
infection) and 50 by S, cruenta (7.9 per cent infection). Although 
Kulkarni did not suspect physiologic forms, he did call attention to 
the fact that it appears very evident that milo can not be regarded as 
immune from S, sorghi as all literature up to that time indicated, and 
that it must be regarded as decidedly susceptible to S. cruenta. In 
the li^ht of present knowledge oh the subject, it is evident that this 
investigator had more than one physiologic form of sorghum smut. 

Recently Melchers, Ficke, and Jonnston (3)^ and Ficke and Johnston. 
(I) have shown that at least three physiolh|ic forms of Sphacelotheca 

■ — ■ — — — — - — 

1 Keoeived for publication June 30, 1031; issued February, 1032. Fatter No. 30J from the Detiartinent of 
Botany and Plant Pathology, Ksvaass State Agrioultural College, m cooperation with the Division of 
C am Crops and Diseases, Bureau of Plant Industry, 17. S. Deimrtmcnt of Agriculture. 

* Refermce is made by number (italic) to Literature <7ited, p. il. 
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aorghi occur, and these are specifically designated by them as forms 
1, 2, and 3. llie former (6) have shown that form 1 does not attack 
milo, hegari, and feterita; that form 2 attacks milo and hegari but not 
feterita; and that form 3 attacks feterita and certain feterita hybrids, 
but QOt milo. 

In the present paper, data are presented on the reaction of a large 
number of varieties, hybrids, and selections of sorghum to five physio- 
logic forms of Sphdcdotheca aorghi, including the three above men- 
tioned. These forms are determined by the reaction of varieties of 
sorghum having different degrees of resistance, as well as by certain 
morphologic differences in the strains of the smut fungus itseil. 

It is not the purpose of this paper to review all the literature on 
physiologic specialization in the fungi. This is a common phenome- 
non in the rusts, smuts, and certain other fungi and undoubtedly will 
eventually be found to be true of still other fungi, being of more 
significance and economic importance in some species than in others. 
Inose papers on physiologic specialization that deal directly with the 
subject matter herem presented are cited. 

MATERIALS AND METHODS 


Seed of the several varieties of sorghum was obtained from different 
sources and was collected over a period of years.^ As sorghums hy- 
bridize so readily, a sufficient number of heads of each variety were 
self-poUinated each year to assure pure seed for these experiments. 
AU seed was disinfected in a formaldehyde solution (1 to 320) for 30 
minutes, and washed and dried before sowing. A measured quantity 
of spores of each of the several forms of smut was mixed with weighed 
quantities of seed. The seed and spores were then shaken together 
until the seed was completely covered with spores. This was done 
for a complete series of sorchums for each physiologic form of smut. 
The optimum conditions lor kemel-smut infection at Manhattan, 
Kans., have been found, over a period of years, to be those existk^ 
at the optimum time for soighum planting or a little earlier. This is 
about May 15 at Manhattan, a time when soil temperatures range 
between 16® and 23® C. Somewhat lower or higher temperatures, 
however, do not prevent infection. If sufficient soil moisture is 
present for germination of soighum seed, it is suitable for the germina- 
tion of the smut spores and mfection. Soil-moisture determinations 
made on different dates of planting under field conditions from 1926 
to 1928, inclusive, show that the soil-moisture range at which heavy 
infection may occur is very great. Thus soil-moisture percentages 
from 15 to 38 per cent, by dry weight, have proved favorable for heavy 
smut infection when the soil temperature was within the range pre- 
viously stated. 

The method of planting, number of plants per row, and manner of 
^taking the smut notes have been described in previous publications 
(£, 7). The milo kernel smut used in these investigations is a pure 
strain of the material occurring on milo, originally collected in New 
Mepep and Kansa^. and used by Tisdale, M!elchers, and Clemmer in 
^ir Studies (P). The feterita kernel smut also is a pure strain of the 
rnate;^ that came originally from Texas and was used by tihese 


tomlndebted to /. &. Puker ond ▲. 7. 8 
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RESULTS 

STUDIES ON PHYSIOLOGIC SPECIALIZATION OF SPHACELOTHECA SORGHI 

Three years* data (1927 to 1929) have been obtained on physiologic 
specialization of Sphacelotheca sorghi at Manhattan, Kans. Eighty 
varieties, selections, and hybrids of the various groups of sorghums 
have been grovm to determine their reaction to three forms of smut. 
Data obtained in 1929 suggest the presence of two additional physio- 
logic forms, making a totd of five. (See Table 3.) These physiologic 
forms of S, sorghi have been segregated on the basis of (1) the reaction 
of differential hosts, (2) cultural characteristics on artificial media, 
and (3) differences in the fragility, size, and color of the sori. 

Table 1 gives the data on varietal reaction to form 1 , designated as 
the common kernel smut; to form 2, the milo kernel smut; and to form 
3, the feterita kernel smut. Blanks denote that no smut of that form 
or seed of the variety was available. 

Table 1. — Percentage of smutted heads in sorghums inoculated with physiologic 
forms of kernel smut {Sphacelotheca sorghi) from kafir, milo, and feterita, at 
Manhattan, Kans., 1927, 1928, and 1929 


PereentaKe of heads smutted after inoculation with phys* 
iologic form indicated 
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Table 1. — Percentage of smutted heads in sorghums inoculated with physiologic 
forms of kernel smut (Sphacelotheca sorghi) from kafirs milo, and feteritay at 
Mankattauy Kans.y 1927^ 1928y and Continued 


Group and variety, selection, 
or hybrid 


Accession 

No. 


fetorlta- 

Feterita selection 

Do 

Feterita - 

Spur 

lied Leaf selection 

Do - - 

Hybrid Dwarf No. 6 

Ilegari: 

Tlegarl selection 

Hegari 

Hybrids: 

lied AmbcrXfetorita selec- 
tion. 

Do 

Do 

Do 

Do 

Do 

l)o 

Do 

Kafir Xfeterita 

Do 

FeteritaXkaflr 

KanrXrailo a&-3-l-l 

KanrXrailo 38-1-2-1 

Dwarf Yellow miloXPink 
kafir. 

Do 

Do 

Kansas OrangeXDwarf Yel- 
low milo selection 1. 
Kansas OrangeXDwarf Yel- 
low selection 2. 

Kansas OrangeXDwarf Yel- 
low selei^tion 6. 

Pink kaflrX Freed sorgo 

MiloXfeterita 

Blackhull X Sourless _ 

Broomcom: 

Acme (dwarf) 

Evergreen (standard) 

Kaoliang: 

* Dwarf Shantung.. 

Manebu Brown 

Mlsoellaneous sorghums: 

White Yolo.-.. 

Darso 

White durra 

Shallu 

Shallu selection 

Scbrock 

Modoc 

Dwarf Freed 

• Fremo 

Fierce kalerita selection 

• ' Fierce kaileirlta (ty pas 3 and 4) J 

Sudan grass 


C. I. 182-1... 
K. B. 

S. P. 1. 51tt89. 
K. B. 2fi40...1 
K. B. 2543... 
K. B. 2544. 

K. B. 2820. 


K. B. 2518.. 
K. B. 2537.. 


K. B. 2501... 
K. B. 2500... 
K. B. 2513..-I 
K. B. 2552... 
K. B. 2562.. 
K. B. 2667... 
K. B. 2570... 
K. B. 2573...! 
P. CM, 8020.1 
H. C.2423-.! 
F.C. 1.8017. 
K. 11.2561.. 
K. B.2670-. 
H. (’,244.. 

11.(^ 257 . 
H. r.2610.. 
K. B. 2680.. 

K, B.2681. 

1 

i K. B. 2682.. 

K. B, 2798. 

F. C. 1. 802C 
K.B.2506-. 

C. 1.243... 
0. 1,583... 

C. 1,203... 
C. I. 171... 


K. B. 2525. 
K. B. 2536. 
C. I. 81..-. 
(M.86... 
K.B. 2879. 
K. B. 2541. 
H. C. 2520. 
H. r.252l- 
F. C. 1. 8920 
K. B. 2547. 
K. B. 2540.. 
K. B. 27301. 
K. B. 2081.. 


Percentage of heads smutted after inoculation with phys- 
iologic form indicated 
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4.0 

0 

0 
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0 

3.4 

3.3 

0 
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0 

.6 

2.5 

0 

3.2 

0 

2.9 

0 

0 

8.6 

0 

0 

1.0 

0 





0 

9.0 

0 

0 

13. a 

0 

0 

8.2 

0 

0 

20.5 

0 

U 

3.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3.8 

0 

0 

0 

0 

0 


1.0 

1.5 

8. 1 

.5 



0 

0 

0 

0 

0 

U 

0 

0 

0 

0 

0 

]a4 

0 

0 

0 

0 

0 

2.5 

0 

21.5 

0 

15.0 

25.0 

0 

18.1 

13.8 

0 

21.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 




5.6 

2.2 

3.2 

0 

4.2 

1.6 

0 

0 


0 

0 

18.4 

0 






« 1 

0 

34.4 

0 

■ V 

2.4 

0 

34.5 

10.9 

0 

37.0 

21.8 

0 

20.0 

13. 0 

42.1 

0 

6.3 

44.3 

30.3 

16. 4 

13.2 

40.8 

22.6 

52.4 



51.1 

52.1 

51.5 

0 

20.3 

16.3 

0 



0 

26.1 

12.3 

0 

12.8 

5.6 

13.0 

17.7 


.37.4 

1 13.2 

0 

6.3 

5.6 

4.3 




60.4 

34.5 

8.5 

9.4 

45.0 

39.6 




0 

5.3 

0 

0 

0 

• ^ 

0 



62.1 

56.4 

48.0 

23.0 

41.1 

36.8 

56.0 



50.8 

26.7 

53.2 

23.9 

43.2 

45.3 

0 

6 

5.2 

0 

.4 

7.0 

0 

0 

0 

56.0 



60.7 

62.0 

52.7 

0.4 



17.8 

6.0 

5.3 

71.5 

28.8 

27.5 

23.0 

49.2 

26.5 

20.7 

0 


53.6 

18.2 

21.6 

36.5 

39.2 

15.1 

23.0 



31.8 

17.5 

23.0 

0 

26.9 

21.4 

48.0 

16.7 

10.5 

48.6 

18.8 

23.7 

12.0 

38.6 

36.0 

0 

40.0 

0 

0 

60.3 

0 

1.2 

36.3 

0 

5.3 

8.8 

10.9 

3.0 

31.8 

36.3 1 

0 

21.4 

27.6 

30.8 

0 

41.6 

63.3 

72.5 

30.7 

10.8 

31.1 

18.0 

66.7 

40.0 

22.0 

43.2 

33.2 

6.7 

10.8 

44.7 

42.1 




76.1 

15.0 

7.1 

17.9 

50.0 

22.7 

7.4 



12.4 

1.7 

25.6 

0 

9.2 

43.5 




58.4 

29.1 

48.6 

14.6 

28.3 

11.4 

67.1 



80.5 

46.2 

54.8 

26.1 


52.3 

10.4 

28.1 

0 

17.7 

83.3 

0 

5.8 

16.7 

0 

0 



0 

0 

18.7 

0 

0 

20.6 

52.0 

0 

50.6 

47.2 

51.8 

44.2 

12.8 

32.0 

28.4 

15.4 



8.3 

90.0 

8.3 

L6 

6.6 

20.5 







10.0 

3.5 

9.0 
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It will be noted that the reaction of the varieties^is remarkably 
consistent. As sorghums hybridize very readily, off-type plants 
occasionally occur. Also it is exceedingly difficult at times to prevent 
spores of the various forms of kernel smut from getting where they 
are not desired. This may explain the occasional occurrence of a 
smutted plant in a variety known to be highly resistant, and probably 
is accountable for the occurrence of 1.2 per cent of form 1 (kafir 
smut) in White Yolo, K. B. 2525. White Yolo is regarded as immune 
from this smut, as has been proved in all other experiments. There 
is, however, the possibility that the occurrence of smut in such an 
instance is due to the appearance of a new form of smut. Jn the 
light of present knowleage, it is possible that the occurrence of 7 
smutted feterita plants in a total of SjG.SS jdants grown by Reed and 
Melchers (7) at Manhattan, Kans., Columbia, Mo., Brooklyn, N. Y., 
and Rosslyn, Va., likewise may have been due to a similar phenom- 
enon. The same holds true for the 3 smutted Standard White 
milo plants recorded by them in a total of 2,250 plants. The occur- 
rence of pliysiologic forms of smut was not suspected hy them at 
that time, however, and the logical explanation was an off-type plant 
or a susceptible hybrid. 

In Table 2 are grouped the data on 23 varieties of sorglninis selected 
from Table 1 and arranged to show their resistance or susceptibility 
to one or more of three forms of kernel smut. The reactions obtained 
indicated that the varieties used could be placed in seven definite 
gi’oups. Kafir, bj'oomcorn, kaoliang, shallu, and Red Amber sorgo 
are susceptible to all throe forms and are designated as groii]) 1. 
Group 2 consists of Dwarf Yellow' milo, hegari, and White Yolo, 
which are susceptible to form 2 and resistant to forms 1 and 3. Some 
of the Red Amber X feterita hy^brids and Spur feterita are resistant 
to all three forms and mv placed in group 3. Group 4 consists of 
only one of the Red Am her X feterita hylnids, which is susceptible 
to fonns 1 and 3 and resistant to form 2. Most of the feteritas and 
some of the kaferitas are resistant to hums 1 and 2 and susceptible 
to foriij 3, and are designated as group 5. Fargo Straightneck milo 
and Promo belong to group 6, being susceptible to forms 1 and 2 
and resistant to form 3. Group 7 consists of two selections of the 
milo X kafir cross, w'hich is resistant to form 1 and susceptible to 
forms 2 and 3. 

In 1929 it became evident that two additional forms of kernel smut 
of sorghum had been found. One collection came from a feterita plant 
grown at the agronomy farm, Manhattan, Kans., and a second w^as 
obtained from J. H. Martin, who found it on feterita received from 
San Antonio, Tex., in 1927. These collections, together with the 
three forms previously known, were used to inocula te a limited number 
of sorghums, chosen as differential hosts. The results presented in 
Table 3 indicate that these two additional collections are distinct forms 
of Sphacelotheca sorghi. They are, therefore, designated as forms 4 
and 5. Thus Dwarf Yellow milo (C. I. 332) is susceptible to form 2 
and resistant to forms 1, 3, 4, and 5. White Yolo (K. B. 2525) is sus- 
ceptible to forms 2 and 4 and resistant to forms 1, 3, and 5. Pierce 
kaferita (K. B. 2547) , feterita X kafir (F. C. 1. 8917), and feterita (S. P. I , 
51989) are susceptible to form 3 and resistant to forms 1,2, 4, and 5. 

hybrid (H. C. 2423) is susceptible to forms 3 and 5 
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Tabls 2. — PerS^ntage of smutted heads in sorghums inoculated with three physio- 
logic forms of Sphacelotheca sorghi, at Manhattan, Kans., 1927 to 1929, grouped 
according to rea^ion 





1 Percentage of heads smutted after inoculation 








with- 





Group 

No. 

Variety, selection, or hybrid 

AocoBslon No. 

Form 1 (kafir) 

Form 2 (milo) 

Form 3 
(feterita) 




1927 

1928 

1929 

1927 

1928 

1929 

1927 

1928 

1929 

1 

Pink kafir — 

K. B. 2606-... 

36.7 

65.8 

18.8 

49.1 

37.2 

5a 0 

1 50.3 

1 

33.3 

27.8 


Acme broomcorn.. 

C. I. 243 

17.8 

71.5 

28.0 

5.0 

28.8 

40.2 

5.3 

27.6 

26.5 



0. 1. 171- 

48.0 

48.6 

12.0 

16.7 

18.8 

sao 

19.6 

23.7 

36.0 


Shallu- 

C. I. 85. 

66.7 

43.2 

19.8 

4ao 

33.2 

44.7 

22.0 

6.7 

42.1 


Red Amber sorgo 

K. B. 2604 

26.5 

32.3 

17.1 

lai 

19.8 

17.1 


15.1 

11.6 

2 

Dwarf Yellow milo.- 

K. B.2615--. 

0 

0 

0 

22.8 

11.3 

lao 


0 

0 


Do - 

C. I. 332 

0 

0 

0 

1^4 

10.7 

13.2 


0 

0 


Hogari 

K. B. 2618 

0 

0 

0 

2.9 

8.fl 

1.0 

0 

0 

0 


Do - 

K. B. 2537 


0 

0 


0.0 

13.0 


0 

0 


White Yolo 

K. B. 2525 

0 

0 

1.2 

40.9 

60.3 

35.3 

0 

0 i 

0 

3 

Red AmberXfeterita 

K. B. 2509.... 

0 


0 

0 

0 

0 

0 

0 

0 


Do 

K. B.2862,.. . 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Do 

K. B. 2673 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Spur feterita 

K. B. 2640 

0 

0 

0 

0 

0 

0 



0 

4 

Red AmberXfeterita. . - 

i K. B. 2670. ... 

21.5 

25.9 

13.8 

0 

0 

0 

15.fi 

18.1 

21.3 

5 

Rod-leafed feterita 

K. B. 2543 

0 


0 


0 

0 


4.9 

3.9 


Feterita. 

a. P. I, 61989., 

0 

0 I 

0 

0 

0 

0 

24.8 

17. 0 

2.6 


Pierce kaferita 

1 K. B. 2647 

0 

0 

0 


0 

0 



18.7 

20.6 


FeteritaX kafir... 

F. C. I. 8917.. 


0 

0 


0 

0 


34.4 

2.4 

0 

Fargo Straightnock milo 

O. I. 809. 

26.0 

19.2 

3.8 

3.2 

4.4 

25.3 

0 

0 

0 


Premo 

F. C. I. 8929— 

19.4 

17.7 

5.8 

1 28.1 

33.3 

16.7 

0 

0 

0 

7 

Dwarf Yellow miloX Pink kafir 

11. C. 257 

0 

0 

0 


2a 1 

12.8 


12.3 

a6 


KaflrXmUo 28-3-1-1 

K. B. 2561 

l!.. 

0 

0 

34‘6i 

37.0 

26.3 

ial 

21.8 

13.0 


Table 3. — PercerUage of smutted heads in sorghums inoculated with five physiologic 
forms of Sphacelotheca sorghi, at Manhattan, Kans., 1929 



1 ' ! 

1 1 

! Percentage of heads smutted after inoculat ion 
! with— 

1 



Form 1 
(kafir) 

Form 2 
(milo) 

Form 3 
(feterita) 

Form 4 
(feterita) 

Form 5 
(feterita) 

Dwarf Yellow milo 

K. B. 2615.- 

0 

lao 

0 

0* 

0 . 

Do 

C. I. 332 

0 

13.2 

0 

0 

0 d 
0 ' 

White Yolo 

K. B. 2625 

1.2 

36.3 

0 

12.6 

Pierce kaferita 

K. B. 2647 

0 

0 

20.6 

0 

0 1 

Feterita X kafir 

F. C. I. 8917 

0 

i 0 

2.4 

0 

0 4 

Feterita 

S. P. I. 51989. . ... 

0 

0 

2.6 

0 

0 ** 

Kafir X feterita 

H. C. 2423 

0 

■ 0 

■ 18.4 

0 

41.6 



1 

i 





• Percentage of smut obtained in 1928. On account of shortage of seed there are no 1929 data on the re- 
action of these two forms. 


For aid in identifying the five physiolopc forms of kernel smut 
(Sphacelotheca sorghi) the various groups of sorghums used to differ- 
entiate them are arranged in the following dichotomous key. 

Key por the Identification op Physiologic Forms of Sphacelotheca Sorqhi 

A. Kafir X feterita (H. C. 2423), resistant. 

B. Dwarf Yellow jnilo (C. I. 332), highly resistant. 

O. White Yolo (K. B. 2525), resistant Form 1. 

CC. Yolo (K. B. 2525), susceptible Form 4. 

BB. Dwarf Yellow milo (C. I. 332), moderately susceptible Form 2. 

AA. Kafir X feterita (H. G. 2423), susceptible. 

/ B, Pierce kaferita (K. B. 2547), feterita X kafir (F. C. I. 8917), 

and fet^ta (S. P. 1. 519^), higUy r^stant Porm 6. 

BB. Pierce kaferita (K. B. 2547). feMta X kafir (Fv aX S^T), 
airf feterita (S. P. 1. 51989), 
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MORPHOLOGIC CHARACTERS OF SPHACELOTHECA S^BGHI 

Ficke and Johnston (1) have shown that forms 1, 2, and 3 of 
Sphacelotheca sorghi may be separated from one another when grown 
on various artificial culture media, by the color, simface contour, 
consistency, margin, and rate of growth of the colonies. They also 
noted that sectormg was rather common in form 1, but rarely occurred 
in fom 2 and was not observed at all in form 3. The cultural char- 
actemtics seemed, according to these authors, to be fairly constant. 
Their studies did not consider the possible morphologic differences of 
the fungus other than those exhibited in culture. Observations by 
these authors in the field did not indicate any consistent difference in 
shape, size, or color of the son. 

Table 4 . — Daia on a'j^oximaie lengthf color, and degree of rupturing of sort of five 
physiologic forms of Sphacelotheca sorghi in two series of smutted panxdes of varieties 
and strains of sorghum, at Manhattan, Kans., 1929 


Physiologic form No. 


1 - 

2 , 

3. 

4. 


Series | Average 
No. of protru- 
smutted j sion 
panicles ! of sori 


1 Mm. 

1 ! 3.7 

Number 

38 

Number 

0 

0.0 

2 1 

3.8 

35 

0 

.7 

1 l 

4.0 

20 

18 

2.7 

2 : 3.7 

21 

16 

2.0 

1 

5.4 

2 

35 

.7 

2 

5.3 

1 

35 

.5 

1 

3.4 

30 

0 

.0 

2 ! 3.8 

36 

0 

.4 


4.1 

12 

4 

.4 


V^arietie.s with 
membranes of 
indicated color 


White 


Average 
degree of 
ruptur* 
ing of 
mem- 
brane • 


• In recording the degree of rupturing of the membrane of tbe sori, the material was divided into five 
classes represented by the following units of measurement: 0«No rupturing; Jsvery few sori ruptured 
and ruptured only to a slight extent; 2»few sori ruptured to a moderate extent; 3>=many sori ruptured 
to a moderate extent; and 4«mo8t sori greatly ruptured, 
b Only 16 varieties were included, and 15 of the 16 panides were only partially smutted. 


In the present studies the sori of all five physiologic forms studied 
were carefully examined, both the chlamydospores and the mem- 
branes, as well as the general form and rupturing. Large numbers of 
chlamydospores of each form were measured. All measurements fell 
within the range given for Sphacelotheca sorghi, namely, 5/x to 
The spores of all forms were found to be dark brown in color when 
observed in mass and olive brown when observed singly. Spores of all 
forms also were observed to be spherical or subspherical and rather 
thick-walled and ^ooth. The characteristics of the membrane of 
the sori were studied in some detail by choosing a typical smutted 
head of each of the five physiologic forms occurring on 43 different 
varieties or selections of sorghum and placing them on a table 
arranged by variety and smut form. The smutted panicles were from 
the same varieties as were used in the inoculation studies previously 
discussed. For these studies of the sori an effort was made to choose* 
varieties that were susceptible to all five physiologic forms of the smut; 
Thus it was possible to compare the five forms on a number of the same 
varieties of sorghum. In the case of form 5, however, only 16 varieties 
developed smut. Observations were made on the approximate length, 
color, and rupturing of the sori of all five forms of smut. Both macro- 
scopicaUy and microscopically the sori were found to be typically 
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those of S, sorghi and did not resemble those of S, cruenta. After the 
first scries of j)anicles had been examined and the results recorded, a 
second series of typical smutted heads was chosen and similarly com- 
pared. The results, as given in Table 4, are based on the two sets 
of observations. 

The relative length of the sori of each smutted panicle was recorded 
as long, medium, or short. The protrusions of the sori beyond the 
glumes for these three classes were: Long, 5 to 7 mm.; medium, 3 to 
5 mm.; short, 1 to 3 mm. Although no actual measurements were 
made, the range is so great, especially for the two extreme classes, 
that it is not likely that any error in classification occiin*ed. In 



UfiURK 1.— Physiologic forms of Sphacefotheca wrgki on Pink kafir. A, Physiologic form U mem- 
branes of sori brown and mostly unruutured; sori short. B, Physiologic form 2; membranes of 
sori may be white or light brown, badly ruptured, spores escaping; sori moderately short. C, 
Physiologic form 3; membranes of sori white and mostly unruptured; sori very long. D, Physio- 
logic form 4; membranes of sori brown and unniptured; sori moderately long 

summarizing the data for Table 4, the number of individuals in each 
class was multiplied by the median of the class, the results added 
and divided by the total number of measurements. This gave what 
appeared to be a reasonable figure for the average length of the sori 
ifor each physiologic form. The color of the membranes of the sori 
was recorded as brown or white, the total number of smutted panicles 
showing each color for each physiologic form being given in the table. 

It Will be observed from the data in Table 4 that forms 1 and 4 
are dbiaracterized by membranes that are brown in color and only 
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slightly ruptured. The sori are intermediate in lengtR. Tlie jnern- 
branes of form 2 are either brown or white, depending on the variety, 
and usually they ara considerably ruptured. Form 3 is characterized 
by long sori with white 
membranes that are sel- 
dom ruptured to an ap- 
preciable extent. In form 
5 the sori are rather 
large and may have either 
brown or white mem- 
branes, with little ruptur- 
ing. It is also character- 
istic of form f) to produce 
only partial smutting of 
the panicles. Si)e(*imens 
of Pink kafir attacked by 
four different physiologic 
forms are shown in Fig- 
ure l,and Manchu Brown 
kaoliang attacked by form 
5 is shown in Figure 2. 

From the data at band 
it is doubtful whether the 
five physiologic forms of 
Sphaceloiheca sorghl can 
be separated solely on the 
basis of observable differ- 
ences in the sori. This 
has not been attempted 
over a series of years or 
under different environ- 
mental conditions. How- 
ever, the data in Table 4 
indicate^ several striking 
differences that may be 
helpful in making tenta- 
tive identifications. 

DISTRIBUTION AND IM- 
PORTANCE OF PHYSI- 
OLOGIC FORMS OF 

SPHACELOTHEC A 

SORGHI 

Observations and rec- 
ords over a period of 
years show that the kafir 
kernel smut (form 1) is 
most common and wide- 
spread in the United 2.—Physlologlc! form 6 of sphaceloiheca ttorghi on 

States. Form 2 is less Mancha Brown kaoliang. A few florets in the tip of the 

U ^4. head are smutted, while the remainder of the mnu'le is 

common, but; since it at- unsmutted. TMs reaction to physiologic form a k typical 

tacks many varieties that 

are susceptible to form 1 it mav possibly become more common 
and become a problem in areas devoted to the milo crop. Such is 
the case in parts of New Mexico and Texas, and undoubtedly will be 
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true in Kan^s and other States where milo is an important crop. 
Less is known at the present time about the performance distri- 
bution of forms 3, 4, and 5, although the possibility^ of their increas- 
ing is an important consideration from the standpoint of breeding for 
resistance to the kernel smut of sorghum. 

The occurrence of physiologic forms of kernel smut of sorghum 
that attack hitherto resistant or immune varieties and strains has 
greatly complicated the problem of breeding for resistance to kernel 
smut. Smut-resistant hybrids produced several years ago at the 
Kansas Amculturai Experiment Station are now susceptible to one 
or more of the forms of sorghum smut, thereby reducing the number 
which formerly were regarded as immune. 

Seed-treatment experiments (£, 4 , 5) conducted over several years 
have shown that sorghum kernel smut (forms 1 to 5) is effectively 
controlled by the copper-carbonate dust method. This method is 
almost exclusively used in Kansas because of its efficiency, ease of 
application, and cheapness. 

SUMMARY 

Three years’ data on physiologic specialization of Sphacelotheca 
sorghi have been obtained. Eighty varieties, selections, and hybrids 
comprising the various groups of sorghums have been used in testing 
five physiologic forms. 

These forms have been designated as forms 1, 2, 3, 4, and 5. They 
m^ be separated by the reactions of varieties of sorghums. 

There are no outstanding morphologic differences between the 
chlamydospores of the five physiologic forms of Sphacelotheca sorghi 
studied. 

One year’s data from'comparative studies of the morphologic char- 
acteristics of the sori of the five physiologic forms of S, sorghi on a 
number of sorghum varieties have shown some rather definite differ- 
ences in length, color, and rupturing. 

Varieties such as durra, milo, selections of feterita, darso. Dwarf 
hegari. White Yolo, and certain hybrids, which a few years ago were 
known to be highly resistant to or immune from Sphacelotheca sorghi 
infection, are now known to be somewhat susceptible to one or more 
physiologic forms. Of the varieties, selections, and hybrids so far 
grown, 1 selection of Spur feterita and 3 Red Amber X feterita crosses 
remain immune from all 5 forms of smut. The sorghum host range 
. used in these studies, however, has not been exhausted. 

The occurrence of physiologic forms of smut that attack hitherto 
resistant or immune sorghums has greatly complicated the problem 
of breeding for resistance to kernel smut. 

There is evidence that form 1 is most common and most widely 
distributed in sorghum-growing areas of the United States. Form 2 
is less common. Less is known about the occurrence and distribu- 
tion of forms 3, 4, and 5. 

Seed-treatment experiments conducted at Manhattan, Eans., have 
shown that forms 1 to 5 may be controlled by the copper-carbonate 
dust seed treatment. 
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INHERITANCE OF HEIGHT IN BROOMCORN ‘ 

By John B. Sieolingeh 

Agronomist j Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United Slates Department of Agriculture 

INTRODUCTION 

Broomcorn {Holcus sorghum L. ; Sorghum vulgare Pers.) is a crop of 
which both the varietal and commercial classes are based upon 
differences in plant height. The varieties of broomcorn that arc, or 
have been, produced cornmenually in this country are divided on the 
basis of height into three groups — standard (tall), western dwarf, and 
whisk dwarf. ^ Records show that broomcorn of the standard type 
was imported into the United States at an early date, while the west- 
ern dwarf and whisk dwarf types appeared later, with no evidence 
of foreign introduction. The broomcorn dwarfs thus far observed 
have had shorter intemodes but practically the same number of nodes 
as the standard type. This fact has been so apparent (figs. 1 and 2) 
that the evidence of detailed counts of the number of nodes is not 
considered necessary. 

In the course of varietal improvement crosses were made between 
varieties of the several types of broomcorn. The unexpected occur- 
rence of plants of standard height in a cross between two dwarf types 
indicated the need for a study of height inheritance in broomcorn. 
This paper gives the results of such an investigation. 

CROSSES STUDIED 

Crosses were made at the United States Dry-Land Field Station, 
Woodward, Okla., in 1910, between a strain of standard broomcorn 
(Evergreen, C. No. 550) and a western dwarf variety (Acme, C. I. 
No. 243), and also between a whisk dwarf variely (Japanese Dwarf, 
C. J. No. 442) and the Ev^e7*green variety. The average heights of 
the three parental varieties in an 8-year period were: Evergreen, 97 
inches; Acme, 57 inches; Japanese Dwarf, 42 inches. The crossed 
seeds w’ere planted and produced Fi jdants in 1920. In 1921 two 
S-rod rows of the Fg generation of the cross between Evergreen and 
Acme were grown and height data were obtained. Aleasnroments of 
the parental varieties in adjoining rows also were obtained. 

A number of broomcorn crosses were again made in 1923 to study 
the inheritance of the broomcorn height factors. These included 
Acme X Evergreen, Japanese Dwarf X Acme, and Japanese Dwarf 
X Evergreen. It was expected that height data could be obtained 
from the F 2 generations of these crosses in 1 925. The season, however, 
was unfavorable for normal height development of most broorncorns, 
especially the standard varieties, and consequently height measure- 
ments were not taken. 

In 1927 to obtain additional data a cross wras again made between 
the Acme and Japanese Dwarf varieties. 

1 Keoeived for publication Juno 30, 1031; Issued February, 1032. 

> SlKULINaEB, J. B. RBOOMCORN EXPERIMENTS AT THE ITNITKD STATES DRY-LAND FIELD STATION, WOOD- 
WARD, OKLA. U. S. Dept. Agr. Tech. Bui. .51, 32 p.. illus. 1028. 

> C. 1. refers to accession numberiof DJ?ision of Cereal Croats and Diseases, foririurly O/llee of Cereal 
Investigations. 
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Fiqubb 3.-H3talk8 TBpresentative of tbe four phenotypes of the Fi cross, Acme X Japanese Dwarf 
broomeom. (Parent plants at left) 
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' RESULTS 

STANDARD X DWARF CROSSES 

The average heights of the Fi plants in comparison with the dwarf 
and standard parents are shown in Table 1 . It is realized that these 
numbers are too small to be statistically reliable, but it is apparent 
that the Fi plants were about as tall as the Ever^een (standard) 
parent. This shows a dominance of the standard height. 

Table 1.— Height of parents and Fi hroomcorn crosses in 192/^ 


Variety 

1 

1 Group 

1 

Number 
of plants 

Height 

Evergreen, - - 

Standard - 

3 

Inches 

103 d;0.4 

Acme - - 

Western dwarf 

A 

02 .6 

Japanese Dwarf - 

Whisk dwarf 

0 

41.8dr .N 

J.'LpAitAso Dwarf X Evergreen . . ... 


1 

09 

-Afime X Evergreen . . _ 


4 

101.5=fcl.fi 





The results from the F 2 progenies in 1921 (fig. 3) showed a simple 
3 : 1 segregation of standard and western dwarf types in the cross of 
Evergreen X Acme and its reciprocal. Of the 767 plants, 582 were 
of the standard type, averaging 112.0 ±0.20 inches in height, and 
185 were of the western dwarf type, having an average height of 
60.5 ±0,3 inches. 



Fkjuuk 3.- Height of Fa plants of a broonioori) cross, Kvorgreeii X Acme, and of the parent varie- 
ties, 1921 


The adjoining rows of the parental Evergreen variety averaged 
119.6 ±0.3 inches, and Acme averaged 63.8 ±0.26 inches in height. 
There was no difficulty in classifying the two F 2 types, as is evident 
from Figure 3. 

The follovring year, 1922, 12 rows of the Evergreen X Acme cross 
were grown from selfed F 2 heads. Six of these rows, from plants 
classed as dwarf in the F 2 generation, produced only dwarf plants in 
the Fa generation. Of the six rows from plants classed as standard 
in the F 2 generation, five segregated for standard and dwarf plants 
and one was pure for standard height. 

The Acme X Evergreen cross in 1925 again produced standard and 
western .dwarf types in the F 2 generation in the ratio of 3 : 1, thus con- 
firming the 1921 results on this cross. 

The above results show that the standard ^all) type of broomcom 
differs from the western dwarf type by a single height faetor. 
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WHISK DWARF X WESTERN DWARF CROSSES • 

The average height, in 1924, of 12 Fi plants of a cross between 
Japanese Dwarf (whisk dwarf) and Acme (western dwarf) broomcorn 
was 101.4 ± 0.8 inches. In this experiment six Japanese Dwarf plants 
averaged 41.8 ±0.8 inches and four Acme plants averaged 62 ±0.6 
inches in height. Plants of the Fi hybrid and the two parents are 
shown in Figure 1. Evergreen (standard) plants under the same con- 
ditions averaged 103 ± 0.4 inches in height, or almost the same as the 
Fj plants from the cross between the two dwarf varieties. This 
indicates the presence of complementary height factors in the two 
dwarf types. 

The Fi plants of the above cross grown in 1928 averaged 86 inches 
in height, as compared with 53 inches for Acme and 40 inches for the 
Japanese Dwarf parent. 

The Japanese Dwarf X Acme cross produced plants in the F 2 
generation, in 1925, corresponding in height to the Fi (standard) 
plant and to each of the dwarf plants. In addition there appeared a 
fourth class of extremelv short or ^'double dwarf” plants. (Fig. 2.) 
The plants of the dwar^ groups could not all be accurately classified 
for height, however, because of the unfavorable growing conditions 
in 1925. 

The double dwarf type of plant is not represented by any commer- 
cial variety of broomcorn. Extra dwarf or double dwarf plants have 
been o})served, however, in other sorghum groups, particularly in 
mUo, of which the Double Dwarf variety is extensively grown. The 
double dwarf type of broomcorn was first observed in 1921 in the F 2 
progeny of a natural hybrid jilaht of standard height found in a field 
of Japanese Dwarf broomcorn. The 275 plants of this natural hybrid 
population segregated into 167 standard plants, 47 western dw arf, 48 
whisk dwarf, and 13 double dwarf plants, closely approacliing a di- 
hybrid ratio. A true breeding strain of double dwarf broomcorn 
from this cross has been maintained since 1921. 

Remnants of seed from Fi plants of the Japanese Dw’^arfxAcme 
cross were sown in 1926, but they germinated poorly. Five 8-rod rows 
(‘ontained a total of only 196 plants. These were measured and classi- 
fied, and observed groupings are compared in Table 2 with tlie calcu- 
lated numbers based on a 9:3:3:1 ratio. This distribution gives a 
X ^ value of 1.97, with P = 0.579, which indicates that a deviation as 
great as or greater than that observed may be expected to occur about 
six times in 1 0 as a result of random variation. 

Table 2. — Broomcorn plants from F\ seed measured and classifiedf with calculated 
numbers based on a 9:S:S:1 ratio 


Phenotype l Observed Calculated ! Mean height 


Inches 

Standard — , 115 lia26 i 96.8 

Western dwarf. - i 40 3A75 i 57.2 

Whisk dwarf i 32 36.75; 44.4 

Double dwarf 9 12.25' 24.9 


In 1929 five 8-rod rows of the F 2 generation produced 525 plants. 
These and a number of plants of the parent varieties were measured 
for height. Although the development of the F 2 plants was fairly 
9 ^ 75-32 2 
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satisfactory! there was not a clear-cut difference between the three 
dwarf classes in 1929 but a partial blending from one height class to 
the next. (Fig. 4.) There was no overlapping between the height 
of western dwarf and that of standard, though the difference in 
height was less pronounced than it would have been had the plants 
been grown under better environmental conditions. The^ measure- 
ments of the parent and F2 populations and the segregation of the 
latter are shown in Table 3 and Figure 4. 

Table 3. — Height of parents and F 2 plants of a cross between whisk dwarf and 
western dwarf broomcorn in 1989 


Height class 

Total 

plants 

Range in 
height 

Mean height 

1 

Standard 

deviation 

Coeffloient 
of varia- 
bility 

Parents: 

Whisk dwarf * 

dumber 

45 

Inches 

32-46 

Inches 

39.0id=0.3 

3.22 

8.25 

Western dwarf 

53 

49-64 

57. 6± .3 

3.20 

5.56 

Fa hybrids: 

Double dwarf 

34 

13-31 

24.()=b .6 

4.58 

18.62 

Whisk dwarf 

94 

32-47 

40.5=b.28 

4.08 

10.07 

Western dwarf 

: 104 

48-68 

55.6:i:.29 

4.44 

7.90 

Standard.. 

203 

1 

73-112 

91.4:h.20 

7.39 

8.08 


About 200 of the F2 plants were selfed, and in 1930 progenies from 
112 typical plants, representing all height classes, were grown in head 



rows to observe their genotypic behavior in the F3 generation. The 
study of these F3 progenies showed that the classification of the 
plants for standard height in the F2 generation was correct. All of 
the 44 standard F2 plants produced some standard plants in the F3 

S eneration. There was a discrepancy in classifymg the double 
warfs because several of the very short plants produced hetero- 

S zygous whisk dwarf progenies in the Fs generation. Also, a few F2 
Wts that were classed as western dwarf proved to be whisk dwarf, 
ased on the proportions observed and the behavior of the 112 ¥9 
progeni^ produced in 1930, the corrected numbers in the entire F2 
population of 525 plants were as shown in Table 4. 

This distribution gives a value of 6.11 and a P value of 0.108. 
A fit as poor as the foregoing maj be expected once in nine or ten 
times as a result of random variation. 



Jan. 1, 1832 


• Inheritance of Height in Broomcorn 


19 


Table 4. — Observed and calculated numbers from entire Ft populatioh of 6^5 broom- 

corn plants 


Phenotype 

Observed 

number 

Calculated 

number 

Deviation 

Double dwarf 

22 

.32.8 

10.8 

Whisk dwarf 

114 

08.4 

15.6 

Western dwarf 

m 

08.4 

2.4 

Standard 

203 

205.4 

2.4 




Of the 44 Fs progenies from standard phenotypes in F 2 , 3 were 
pure standard, 6 segregated into approximately 3 standards to 1 
whisk dwarf, 18 se^egated into standards and western dwarfs, and 
17 produced standard, western dwarf, whisk dwarf, and double 
dwarf plants. There was no noticeable relation between the height 
of the F 2 standard plants and their genotypic constitution, as deter- 
mined by growing Fs generations from them. 

DISCUSSION 

From the above results it is apparent that both western dwarf 
(Acme) and whisk dwarf (Japanese Dwarf) types of broomcorn differ 
from standard (Evergreen) broomcorn by single height factors. The 
height factor present in western dwarf is not the same as the one in 
whisk dwarf broomcorn. For convenience the height factors con- 
cerned may be considered as AAdd in western dwarf, oaDD in whisk 
dwarf, and AADD in the standard type. The Fi cross of the two 
dwarfs gives a plant of the constitution AaDd, The factors A and D 
are completely dominant, as the Fi plant AaDd is as tall as a plant 
of AADD constitution. In the F 2 generation the following factorial 
combinations are obtained : 

4 AaDd 2 Aadd 2 aaDd 1 aadd 

1 double dwarf 

2 AaDD \_AAM 

3 western dwarf 3 wliisk dwarf 

AADd 

L4APP 

9 standard 

Examples of each of the above genotypes were obtained in the 112 
strains in the Fa generation in 1930. 

Because of the lack of information regarding the origin or introduc- 
tion of the whisk dwarf and western dwarf types, it is probable that 
both originated as mutations from some standard variety by the loss 
of a sin^e but different height factor. The whisk dwarf appeared on 
farms about 1860, and the western dwarf type some 20 vears later. 

The dwarf broomcoms have a parallel in com dwarfs,*’® with the 
exception that broomcorn reproduces normally even in the double 
recessive condition. Also, there is no apparent reduction in the quan- 
tity of seed produced by the presence of either recessive dwarf factor 
in broomcorn. (Fig. 2.) Based on the com analogy,® standard broom- 
corn would be considered as the normal type. 


< Embbson, R. a., and Embbson, S. H. qbnbtic intbrbelations or two ANOBOMONOEaous msa 
or If AiZE, DWABF AND ANTHBB BAB. Oenetics 7: 208-236, lUus. 1022. 

• Ebmpton, J. H. INHBBITANCB OF DWABFZNO IN If AiEB. JouT. Agr. Research 26: 207'^21, Ulus. 1823. 

< Smbbbon, R. a., and Embbbon, S. H. Op. dt. (See footnote O 
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Standard {)roomGom attains a height of from 9 to 12 feet under 
favorable conditions. The Fi plants of crosses between dwarf broom- 
corn and any other sorghum are about this same height, and thus 
suggest a simple explanation for at least a part of the ‘'hybrid vigor 
obtained in the Fi crosses. Other sorghums apparently usually carry 
the missing D or other complementary height factors, the result in 
crossing dwarf broomcom with other sorghums being an Fi plant 
the height of standard broomcom and taller than most of the common 
sorghums. The Fj plants of crosses between different sorghum 
groups usually are tall and exhibit hybrid vigor. The two height 
factors here described, however, do not account for other manifesta- 
tions of hybrid vigor in sorghums, such as late maturity, thick culms, 
and an increased number of nodes. 

SUMMARY 

Broomcom is divided into varietal and commercial classes mainly 
on the basis of relative height. 

In crossing a standard (tall) broomcom with western dwarf or 
whisk dwarf broomcom, an Fi plant the height of the standard parent 
is obtained. A single-factor segregation of three tall to one dwarf is 
obtained in the F 2 generation. 

A cross of western dwarf and whisk dwarf broomcoms gave an 
Fi plant the height of standard broomcom. The F 2 generation gave 
a 2-factor segregation of 9 standard to 3 western dwarf to 3 whisk 
dwarf to 1 double dwarf. 

Considering standard broomcom as possessing two height factors, 
A and Z?, the western dwarf lacking the 1) factor, and whisk dwarf 
lacking the A factor, a simple explanation is apparent for the standard 
height of the Fi cross between these two dwarfs and for the tall 
Fi plants obtained when either type of dwarf broomcom is crossed 
with other sorghums. The tall Fi plants usually are considered 
entirely a result of hybrid vigor. 



DEHISCENCE OP THE BOLL OF LINUM RIGIDUM AND 
RELATED SPECIES ' 


By A. C. Dillman, Associate Agronomist, and J. C. Brinsmade, jr., Assistant 

Agronomist, Division of Cereal Crons and Diseases, Bureau of Plant Industry, 

United States Department of Agriculture ^ 

INTRODUCTION 

The purpose of this paper is to describe the mechanism of a very 
unusual method of dehiscence of the boll or capsule in the yeUow- 
flowered flax, Linum rigidum Pursh, and in several related species 
native to the Great Plains area of Nerth America extending from 
Canada to Mexico. The dehiscence of L. rigidum is entirely different 
from that of other species of the genus Linum and of dehiscent fruits 
of other plants. 

In the common cultivated flax, Linum usitatissimum L., the bolls 
are either semidehiscent, that is, they open at the apex and crack 
slightly along the margins of the segments, as in the fiber apd seed 
flaxes commonly grown in Europe and the United States, or they are 
indehiscent, as in most varieties of Argentina and India.“ In another 
distinct type, i. usitatissimum crepitans Bonningh., the bolls are 
widely deniscent so that the seeds fall as soon as the bolls are ripe. 
Several regional strains of this dehiscent flax have been described 
recently by EUadi,^ a Russian investigator. This variety is grown to 
a limited extent in the Ukraine and is found also in Portugm, Spain, 
Austria, Germany, and eastern Russia. Dehiscence occurs also in 
L. angustifolium Huds., which Tammes ® suggests may be the wild 
prototype of our cultivated flax, as the two species hybridize readily 
and produce fully fertile seeds. Prompt dehiscence of the ripe bolls 
also occurs in most wild species, including L, perenne L. of Europe 
and £. leunsii Pursh, the somewhat similar perennial flax, which is 
native to the Great Plains and Rocky Mountain region of North 
America. • 

In the several species mentioned, dehiscence is due simply to dehy- 
dration and shrinkage of certain tissues, or to the ^eater or unequal 
shrinkage of certain pai'ts of the boll. The semidehiscent bolls of 
common flax, and even the fully dehiscent bolls of the varietv crepi- 
tans, will close if wet by rain or dew, and open again as they dry out. 

DEHISCENCE IN LINUM RIGIDUM 

In the species Linum riMum and the several evidently related spe- 
cies the mechanism of dehiscence, if it properly can be called dehis- 
cence, is very different from the species described above. In L, rigi- 


lnV0StiKatiOQ8| bumiiu Ul X'JiftUlf AUUUObry I wuu luouo yu.^ uibvt siivwii in jib. nuu vi xn . x upop 

B^noxnist, Division of Ceroal Crops and Diseases, who made the section of the boll of Linum rigidum 
shown in fig. 8. 

* Dillmai^ a. C. oehisckngs of the flax boll. Jour. Amer. Soc. Agron. 21: 832-833, iUus. 1929. 

* Klladi, B . V . FLAX WITH DEHISCENT CA PSULES. Tfudy Prlkl. Bot. i Selek. (Bui. Appl. Bot. and Plant 
Breeding) 22: 456-471, Ulus. 1929. [In Russian. English summaiy by C. Elladi, p. 470-471.] 

* Tammes, T. the oenetics of the genus linum. Bibliographia Oenetica 4: 1-36. 1928. 
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dum the ripe bolls remain tightljr closed however dry they may become, 
but open wide when wet by rain or dew. This mechanism has not 
been described heretofore, so far as the writers have been able to learn. 
It was first observed in July, 1926, at Mandan, N. Dak., where the 
species is widely distributed on the native short*grass sod. In examin- 
ing some plants one morning when they were wet with dew it was 
seen that the bolls were wide open, whereas they had been closed the 
previous evening. Later in the day some dry plants were dipped in 
water and the bolls opened at once. 
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FiaxjRE Plant of Linum berlandleri showing the mature bolls In dry condition. B, A panicle 
branch and detached bolls (o), which were dip]^ in water Just b^re the phot<maph was 
taken, showing the appearance of the bolls as tmsy open when wet. Plants oouected near San 
Antonio, Tex., May g4, 1031 


A photoCTaph of a plant of Liriy^m berUmdieri Hook., a species ve^ 
eixs^ar to X. rigidum, collected near San Antonio, Tex., is shown in 
Figure 1. The appearance of the mature bolls as they open when 
wet can ^ seen on the panicle branch (B) and in the single bolls (a), 
\^ch wife dipped in water just before the photograph was taken. 
The Iztiinature bolls, with sepals still attached, did not open. 
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THE ORGAN OF DEHISCENCE 

The organ of dehiscence in Linum rigidum is shown in Figure 2. 
The ovary of the flax flower consists of five carpels which form the 
five segments of the mature boll or capsule. In L. rigidum the five 
carpels separate in the mature boll (fig. 2, A, a), each carpel having 
two seeds inclosed in the membranous sac (endocarp)^ which has 
^enings at the apex through which the seeds may escape. (Fig. 2, 
C, a.) The two seeds in each carpel are separated by a septum 
attached to the outer wall. Each segment of the boll is attached 
to the receptacle by a hingelike organ which consists of two distinct 
tissues. The outer tissue, which functions as a hinge, is wax yellow, 
translucent, tough, pliable, and nonabsorbent. (Fig. 2 A, h; B, 6.) 
The inner tissue consists of four or five rows of colorless hygroscopic 
motor cells which absorb free water very rapidly. (Fig. 2, C, b.) 
If a small drop of water is placed on the outer tissue at the point h it 



Figure 2.— A, Mature boll of lAnum rigidum in dry condition; B, the same boll beginning to 
open a few seconds after a drop of water had been placed at the orifice c,' C, the boll fiilly open. 
The fine segments (a) of the boll are separated and each is attached at its base to the receptacle 
by a hingelike organ, b. The minute orifice (e) allows water to enter the boll, where it is rapidly 
absorbed by the colorless tissue C, 6, which swells and pushes outward the separate segments, 
thus opening the boll. The fiutM pedioel (e) bears a sort of capital (d), which in overripe 
plants is finally separated by abscission flum the remainder of the pedicel. The growing seeds 
(ovules) appear to be attached by a short placental thread to the apex of the central placental 
column shown in C, 6 


will not be absorbed. If, however, the drop of water is moved to 
the margin of the orifice (fig. 2, A, c), it will be absorbed rapidly bv 
the inner tissue of the organ and in about 20 seconds the boll will 
begin to open. (Fig. 2, B.) In about a minute the boll will be 
completely open as in Figure 2, C. 

This mechanism suggests the mechanical principle of the thermo- 
graph in which the dil^rentiai expansion of two metals due to tem- 
perature changes is made use of. In this organ of the flax boll the 
differential expansion, due to absorption of water by the inner tissue 
and nonabsorption bv the waxlike outer tissue, pushes outward the 
separate sements, thus opening the boll. A small drop of water, 
or a film of water in the form of dew, is sufficient to open the boll. 
The boll will open completely in about 1 minute after wetting, and 
will close a^ain as soon as the inner tissue dries out, usually in 5" to 
10 minutes in a dry warm room. 
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This remarkable organ is not injured by use or incapacitated by 
reasonable age. The bolls of one plant in the possession of the senior 
writer have opened and closed probably a hundred times by wetting 
and drying during a period of two years. The bolls of specimens 20 
to 50 years old in the National Herbarium at Washington opened 
readily when a drop of water was placed on them. A specimen of 
Linum multicaule Hook, collected in 1846 (now 85 years old) reacted 
weakly to warm water. 

Photomicrographs of a section of the boll of Linum rigidum are 
shown in Figure 3. In A, the section shows one segment of the boll 
with the inclosed seed (a), the motor organs of two segments (i), the 



Figure 3.— A, Vertical section of the boll and pedicel of lAmm riffidumf showing outline of a seed, 
a; the motor organ, b; the upt^ oapitallike TOrtion of the pedicel, d; and the point of abscission, 
g. X 12. B, Motor organ, mown in detail. The Ugnified cells, a, form a straplike hinge to 
which the mass of water-absorptive motor cells, b, are attached. X 72 

capitallike portion of the pedicel (d), and the area of abscission 
(g). It is apparent that abscission is not due to the formation of 
special cork cells, as occurs in many plants, but is simplv the separa- 
tion of certain cells in a definite area of the cortex of the pedicel. 
In the motor organ is shown in more detail. It consists of a sup- 
porting tissue (a) of thick-walled cells which forni . the straplike 
hinge, and a mass (i) of colorless thin-walled motor cells. By the 
use of a microscope these motor cells can be seen to expand instantly 
when a fihn of water is added to a thin dry section of the organ. The 
secj^qn shown in this figure was stained with' two dyes, ^e motor 
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cells staining dark violet with haeinatoxylin and the straplike tissue 
staining red with safranine. 

SHEDDING OF THE BOLL 

This mechanism of dehiscence appears to be a remarkable provi- 
sion of nature to assure the distribution of the seed on wet soil under 
conditions favorable for germination. In practice, however, it is not 
highly effective. The seeds may be retained for a considerable time 
within the sacs, but finally emerge through the openings at the tip of 
the segments. (Fig. 2, C, a\) The mere opening of the boll after 
wetting is not sufficient to insure shedding of the seeds. The applica- 
tion of some force, as a beating rain or a high wind, seems to be 
required to cause the seed to be shed. ‘ Moreover, the seeds are slow 
to germinate; a considerable period of w'et weather, or more likely a 
freezing temperature, is required before the seeds will grow. As a 
matter of fact, the bolls may be shed from the plant before the seeds 
escape. 

The shedding of the boll is brought about bv abscission tissue which 
cuts off the upper portion of the short pedicel in the form of a sort of 
capital (fig. 2, A, d), to which the boll is attached. The fluted pedicel 
(e) with its capital is suggestive of a minature Corinthian column. 
Ill overripe plants this part (d) of the pedicel separates at the line of 
abscission (the dark line shown in the drawing) from the remainder 
of the pedicel. The bolls also arc sometimes broken off at the re- 
ceptacle, the place of attachment to the pedicel, instead of at the 
usual line of abscission. 

SPECIES OF LINUM DEHISCENT WHEN WET 

In the classification of the family Linaceae, Small ® in his key to 
the genus Cathartolinum distinguishes a group of species as fol- 
lows: Sepals deciduous; capsules with cartilaginous thickenings at 
the base. VII. Rigida.” No further mention is made of these 
‘^cartilagnous thickenings in the detailed descriptions of the species 
listed. This is the only reference that the waiters have found to this 
organ of dehiscence in Linum rigidum and related species. 

The absence of sepals is characteristic of the ripe bolls. The 
deciduous sepals are broken off by the first opening of the mature 
bolls, which occurs w^hen they are wetted by dew or rain. Sepals are 
present on the green and immature bolls. 

The senior writer has examined all species of Linum and Catharto- 
linum found in the National Herbarium and has observed that this 
organ of dehiscence is present only in the species listed by Small in 
his groups Rigida and Multicaulia. In a fewr immature specimens it 
coula not be determined whether the mechanism was present, although 
very likely it is characteristic of all species in the group Rigida. It 
was defimtely present and operative, when a drop of water was 
^^Ued to the bolls, in one or more specimens of the species listed in 

* Small, J. E. unaceab. In North American Flora 25 (pt. 1): 67-87. New York. 1907. 
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Table I,— Species of Caihartolinum in the National Herbarium in which the bolls 
were found to be dehiscent when wet 


National 

Herbarium 

specimen 

No. 

Species 

1 

Locality 

Year col- 
lected 

flOlQM 

r!ii.t.hftrtolinum pnhArnlnm . . _ 

New Mexico 

1912 

RfilOfl? 

.....do 1 

«do 

1916 

13717 

(i. vemale ..... 

Mexico boundary survey... 


789639 

.do.. 

New Mexico....'. 1 

1902 

C, alatum 



359825 

C. australe. 

Chihuahua, Mexico 

1899 

13718 

C. rigidum 

New Mexico 

1860 

265733 

do 

Kansas...... .... ... 

1893 

13709 

do. 

Oklahoma 

1891 

504^ 

C, berlAndieri-. 

Texas. 

1914 

1004467 

C. aristatum - 

Puebla, Mexico 

1907 

13691 

C. multioaule 

Texas . .. 

1846 

689482 

do 

' Oklahoma. 

1913 






As stated above, the orcan was not found in any species except in 
Group VII, Hidda, and the one species Caihartolinum mvliicame in 
Group VIII, Multicaulia. It is probable that this species properly 
belongs in the group Sigida. 

This oxgan of dehiscence is so distinctive that it might ver3r well 
be used as a generic character to distinguish the group of species in 
which it is present. It is veiy evident that these species are closely 
related, and, so far as known, they are native to the Great Plains and 
adjacent areas in North America. The character of dehiscence in 
these species is just opposite to that of other species of Linum and 
of the aehiscent pods of other plants. The bolls of these species open 
by wetting, the others by dryii^. Possibly this distinctive organ 
and its operation should be denned by new terms. 

In Britton’s Manual ^ Linum rigidum is described as ^'perennial 
(?).” At Mandan, N. Dak., X. rigidum is either an annual or a 
winter annual. Numerous mature plants have been marked from 
tune to time, but none of them has lived over winter. Speds have 
been sown in the fall, but germination has not been observed except 
in the faU of 1930, when a Tong period of wet weather brought about 
germination. It is probable that many plants are winter annuals, 
the seedlings overwintering under the protection of prairie grass and 
snow. 

SUMMARY 

This paper describes a peculiar plant organ that occurs in the 
bolls or capsules of the yeuow-flowered flax, Linum rigidum Pursh, 
and in those of several related species native to the Great Plains of 
North America. The capsules of these species open when wet by 
rain, in contrast to those of oth^ flaxes and the pods of legumes, 
which dehisce by drying. The opening of the capsule in X. ngidum 
ia dependent on the definite action of a hingelike organ which forms 
the attachment of each segment of the capsule to the receptacle. 
The five segments of the boll are pushed open by the rapid expansion 
of the inner tissues of the organ, which absorb water through minute 
orifices the base of andibetween the segments. So mr as the 

N. L. MANUAL or TRByiX>EA or THlMOBTBBBNaTATEB AND CANADA. 1060 p. NOW YOfk. 
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writers are aware, this organ of plant movement has £ot heretofore 
been described. 

It is suggested that new terms be used to distinguish this organ 
and its action from the dehiscence of dry capsules. It is believed, 
also, that a separate genus might properly be made of the group of 
related species now included m the genus Cathartolinum of Small, 
which are distinguished by this pecuhar organ of the capsule. The 
oi^an probably occurs in all of the 14 species listed by Small under 
his groups Rigida and Multicaulia. 





EFFECT OF TEMPERATURE ON RATE OF DtlCAY OF 
SUGAR BEETS BY STRAINS OF PHOMA BETAE ‘ 

By C. M. Tompkins, 3 formerly Asaiatant Pathologiat^ and Dean A. Pack,^ 
formerly Aaaodate Aarmomiat^ Diviaim of Sugar Plant Inveatigationat Bureau 
of Plant Induatry, United States Department of Agriculture 

INTRODUCTION 

Tompkins and Nuckols* noted recently the importance of Phoma 
betas (Oud.) Frank as a wound parasite of stored sugar beets. No 
scientific data are available concerning the effect of environmental 
conditions that might conceivably favor or retard penetration of the 
exposed tissues of the sugar-beet crown by the fungus. During the 
years 1926 to 1929 the writers made detailed ecological observations 
at commercial storage piles in northern Utah. Accumulated e\d- 
dence soon indicated that temperature probably constitutes one of 
the most important of the environmental factors associated with 
crown rot of the sugar beet in storage. 

This paper reports the results of studies on the relative, rate of 
decay of sugar beets brought about by four isolations of Phoma betas 
under controlled temperature conditions and on the relation of 
temperature and storage period to the quantitative effects of each of 
these four isolations as decay producers. 

STRAINS OF PHOMA BETAE USED 

Four isolations of Phoma betas were einploved in the experiments 
herein reported. The sources of this material are shown m Table 1. 
All the pure cultures were originally obtained by making mono- 
sporous cultures, following which Brownes method* was used in order 
to insure freedom from bacterial contamination. The isolations 
were then thoroughly tested for pathogenicity to mature beets by 
inoculating freshly exposed crown tissues. 


Table 1.— Source of material of Phoma hctac used for inoculation 


j 

Culture No. 

Source (I^ogan, Utah) j 

Date of orlg* 
inal isolation 

252 

Field 

Oct. 18,1027 
Nov. 30, 1027 
Do. 

Do. 

250 . 

Storage pile 

260 

do - - 

261 

-do. — - - 




> Kecoived for publication July 14, 1031; issued February, 1032. 

> Resigned Jan. 15, 1030. 

* Resigned Nov. 8(^ 1020. 

* Tompkins, 0. M., and Nuckolb, S. B. development of storage diseases in sv(iAR beets rksuit- 
INO FROM HOOK INJURT. Phytopathology 18: 030-Oil, illus. 1028. 

and Nuckols, S. B. the relation of type of topping to storage iosses in sugar beets. 

PhytopatholMy 20: 621-635, Ulus. 1030. 

* Brown, W. two mtcolooical methods, i. a simple method of freeing fungal cultures from 

BACTERIA . 11. A METHOD OF ISOLATING SINGLE STRAINS OF FUNGI BY CUTTING OUT A HTPHAL TIP. Ann. Bot. 

[London] 38: 401-404. 1024. 
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The size of spores was determined only for isolations 252 and 259, 
since isolations 260 and 261 did not reamly form mature pycnidia on 
prune agar except with extreme age. Pycnidia selected from 20-day- 
old cultures were crushed in glycerin. One hundred spores from 
each of the two isolations were measured with a hlar micrometer. 
The mean length and the mean width of the spores from both isola- 
tions are given in Table 2. 


Table 2. — Measurements of spores from two BO^y’-old cultures of Pkoma hetae 


strain No. 

Length 

Width 

2fi2 

5.5e5£o.047 
4.756± .073 

a815£o.028 
3.340d: .036 

259 

Difference... 

.830d:.087 

.466:b .046 



The spores of isolation 252 are significantly longer and wider than 
those of isolation 259, as shown by the differences 0.839 ±0.087 and 
0.466 ± 0.046, respectively. Because of (1) this significant difference 
in spore size, (2) distinct differences between the various isolations 
observed in culture, and (3) the difference in aggressiveness shown in 
attacking sugar-beet tissue, discussed later in the paper, these four 
isolations are considered as representing four strains of Phoma hetae. 

METHODS USED IN DETERMINING RATE OF DECAY 

Since the technic used in the experiments varied, details are given 
for each experiment in chronological order. In all experiments sound, 
healthy beets were used. In order to expose fresh tissue free from 
cork cells all crown tissues above the base of the lowest leaf scar were 
removed prior to inoculation by means of a steel knife that had been 
(Upped in 95 per cent alcohol and flamed. Either whole beets or sec- 
tions of beets were inoculated as indicated below. The inoculum, 
comprising vigorous growing colonies of the four strains of the fungus, 
was prepared in Petri (Ushes containing approximately 20 c. c. of 
freshly prepared prune agar. The age of the moculum varied sUghtly 
in each of the experiments. The inoculum with agar substratum was 
added in each case so as to cover the exposed surface of the crown. 
The inoculum was thus in direct contact with the cut surface of the 
beet tissue, and the agar served as a protective agency against desic- 
cation. As a further precaution against premature dryi^ of the 
inoculum, a piece of sterile absorbent cotton moistened wi& sterile 
water w^ placed on top of the inoculum and held there by means 
of adhesive tape. Unless otherwise indicated, inoculated beets were 
rolled up in glassine bags to prevent drying of the host and fungus. 

Details for each of the four experiments are as follows: 

Experiment 1 

Storage period, Januaiy 10 to February 20, 1929, 41 days. 

Age (>f inoculum, 16 days. 

Furoose of experiment: 

(f) To determine the effect of temperature on the omanism and the host. 

<2) To determine rate of decay production for each fungus strain. 

Beets, after inoculation with the various strains, were placed at the four dif- 
ferent temperatures in the control chambers, as shown in Table 3. 

At thn completicm of the storage period, the weights of the whole beet, of dis- 
eiM^AIiMue, and of the remaining healthy tissue were taken. 
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Experiment % 

Storage period, February 20 to April 1, 1929, 40 days. 

Age of inoculum, 17 days. 

Purpose of experiment: Same as in experiment 1. 

In order to avoid m a possible Murce of error the variability in morphology 
and chemical composition of individual beets, one-fourth sections of beets were 
used instead of whole beets. The crown tissues were removed as in experiment 
1, and the beets were then quartered longitudinally. 

Procedure for determining the effect of (1) temperature and (2) pathogenicity 
of strains: 

(1) The four one-fourth sections, of the same individual beet were inoculated 
with the same fungus strain, after which each one of these quarters was sub- 
jected to a different temperature in order to determine the effect of temperature 
on the fungus strain and the host. 

(2) In a s^ond test each one of the four sections of an individual beet was 
inoculated with a different strain of the fungus and subjected to similar con- 
trolled storage conditions in order to determine more accurately the relative 
pathogenicity of each organism. 

At the conclusion of the experiment observations were made on the weight of 
both diseased and healthy tissue. 

Experiment S 

Storage period, April 4 to May 8, 1929, 34 days. 

Age of inoculum, 20 days. 

Purpose of experiment: Same as in experiments 1 and 2 and, in addition, to 
test methods of procedure with primarv reference to moisture exchange. 

The two procedures were used as indicated in experiment 2. 

The inoculated beet sections were rolled in glassine bags. 

The data included the weight of the beet sections before and after storage 
and the weight of the diseased tissue. 


Experiment 4 

Storage periods: 

November 26 to December 8, 1929, 12 days. 

November 26 to December 20, 1929, 24 days. 

November 26, 1929, to January 2, 1930, 37 days. 

November 26, 1929, to January 13, 1930, 48 days. 

Age of Inoculum, 20 days. 

Purpose of experiment: Same as in experiments 1, 2, and 3, but conducted 
under better controlled conditions of moisture. 

Instead of using the one-fourth sections of the entire section of a beet, as in the 
two preceding experiments, 10 comparable pieces whose weight was approximately 
13 gm. each Vere cut from ^-inch-thick sec- 
tions of large beets, as shown in Figure 1. 

This was done in order to obtain pieces of 
similar anatomical and chemical composi- 
tion and for a more accurate control of the 
tissue variability within the beet. The 
tissue near the lateral grooves was especially 
avoided because of its different composi- 
tion and character. 

The two procedures explained under ex- 
periment 2 were employed. 

The inoculated sections were placed on a 
raised glass platform in a covered glass 
moisture chamber. Moistened filter paper 
supplied the necessary humidity. The moia- 
ture chambers were then placM in the different control chambers at the desired 
temperature. 



Fiqpbs 1.— -Cross section of large sugar beet, 
showing method used in experiment 4 of 
cutting samples (a to /) from comparablo 
regions 


The number of inoculations made in each of the experiments 1, 2, 
and 3 is given in Table 3. 

^ In experiment 4, four lots of beet sections, of 48 sections each, were 
inoculated with the four fungus strdns 252, 259, 260, and 261, respec- 
tively. Each lot of inoculated sections was then subdivided into four 
lots of 12 sections each, which were held in .the control chambers at 10° 
C* for 12, 24, 36, and 48 days, respectively. 



32 


Journal of Agricvlhiral Research ( ^ 


Vol.44,No.l 


Table 3. — N(Umber of whole beets or sections of beets inoculated with various strains 
of Phoma betae and placed in control chambers at various temperatures for experi- . 
ments Jf, 2^ and 3 


Strain No. 

Inoculated beets or sections • held at indicated temperature C C.) 
in experiments L 2, and 3 

Total 

beets 

used 

1® 

5® 


10® 


16® 

1 

2 

3 

1 

2 

3 

1 

2 

S 

1 

2 

3 

252 

4 I 

20 

24 

4 

i 

. 20 

24 

4 

20 

24 

10 

20 

24 

198 

259 - 

4 

20 

24 

4 

' 20 

24 

4 

20 

24 

10 

20 

24 

108 

280 1 

4 

20 

24 

4 

' 20 

24 

4 

20 

24 

10 

20 

24 

198 

261 

10 

20 

24 

10 

20 

i 

24 

12 

20 

24 

0 

20 

24 

214 


0 IndividuAl beets were inoculated in experiment 1; in later ext)eriments, sections of beets were used. 


The controlled temperatures used in these experiments were made 
possible by placing temperature-control chambers in cold-storage 
rooms of a commercial ice and storage company at Salt Lake City, 
Utah. Each of the temperature-control chambers had a capacity of 
5,832 cubic inches and was well insulated. Each chamber had a sep- 
arate temperature-control device, which consisted of an accurate 
thermoregulator and a m^netic switch for making and breaking the 
heating-element circuit. The temperatures were controlled to within 
±0.3° C. Air temperatures in these control chambers were adjusted 
to 1°, 5°, 10°, and 15°, the range approximating rather closely actual 
field-storage conditions. 

Student’s methods^ were used for most of the statistical calculations 
and the probabilities given as values of P. 

The probable errors of the mean for the dimensions of the spores 
were calculated by Bessel’s formula, and the probable errors of the 
differences were calculated by the usual formula, ± V iPiY + 

RESULTS OF EXPERIMENTS 

4 

Since the pathogenicity of the four strains of Phoma betae had been 
carefully tested shortly after the original cultures were isolated, it was 
deemed sufficient to make reisolations from diseased beets or sections 
of beets only in experiments 2 and 3 to serve as checks. The reisola- 
tions were made on prune-agar plates b^ incubating thereon small 
pieces of beet tissue, part of which gave distinct evidence of infection, 
although all were cut under aseptic conditions. The strains of the 
organism were again recovered in pure culture, as indicated in Table 4. 

As the results of the first expenment were not used in the primary 
calculation, it was deemed advisable to present them separately. 
Table 5 gives the weight in CTams of diseased tissue for all the beets 
inoculated in experiment 1. The results are grouped according to the 
strain used for inoculation and the temperature at which the inocu- 
lated beets were stored. These results indicate differences in the rate 
of decay caused b^ the different strains and also strong differential 
response to the various temperatures. 

»FI8BX1{, It. A. STATISTICAL METHODS FOR RESEARCH WORKERS. SSO p., FdlLlvrfih Std 

1925. 
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Table 4. — Reisolationa from parts of heels which had been inoculated with various 
strains of Phoma hetae and held at va rious temperatures in experiments ^ and S 


Roisolations 

Experiment No. and storage temperature (® C.) - ; 

Total ‘ Negative ! Positive 


Number ' Number \ Number Per cent 
Al ; 1 ! .>10 08 

ft2 ' 1 51 08 

55 . S ■■ 47 85 

62 10 43 60 

64 : 3 61 05 

66 . 5 ' 61 02 

73 I 16 57 78 

68 I 8 ' 60 88 

I 


Table 5. — Effects of inoculating sugar beets with various strains of Phoma betae 
and storing for 41 days under different temperatures in experiment t 

STRAIN 252 


I Wright of total, healthy, and disoastni tLssue of inoculated bei*ts stored at temi)eA)turc (® C.) 
I indk'ated 


Beet No. 


1® 



5® 

1 


10° 



15® 

J... 

2 

3 

4 

,5 

*3 

h 

; >. 

Xi 

i i 

1 B 

1 

5 

g 

1 

a 

1 

' S i 

*3 

Z 

H 

Ja 

1 

1 

*3 

h 

Healthy 

Diseased 

Gms. 

285 

445 

315 

470 

1 Qm*. 

1 260 

420 
! 275 

1 45(1 

1 

Oms. 

25 

25 

40 

20 

Gms. 

360 

465 

310 

4H 

lilli 

1 Gms. i 
. 50 ! 

, 35 1 

; m • 

1 21 ! 

Gms. 

370 

190 

285 

225 

Gms. 

300 

140 

270 

185 

Oms. 

70 

50 

15 

40 

Gms. 

413 

68 

345 

122 

132 

Oms. j Oms. 
368 : 45 

0 i 68 

325 ; 20 

72 i .50 

6 

7. 

8 


. .. 



.1 .'1 

"*■ “j 

- - 

i' ■ 

1 ■ -- 

355 

.300 

211 

325 1 30 

185 !il5 

150 I 61 

9 

10 



i ! 

' i 

r ■ ■ 

1 — 

! . 

235 I 
160 

210 ! 25 

150 ' 10 







Total.... 

1,515 

! 1,405 

no 

1,546 

1,410 

il36 i 

1,070 

i 895 

il75 

2, .341 

1,875 1466 

Average.. 

378.75 351.25 

27.50 

.m 50 

352.60:34 

267.50 

223.75 

>; 43.75 

234.10 

187. 50j 46.60 



j 

P. ei. 



IP.rt.l 



\p.ct. 


li-..,. 

Distiased . 



.1 .. . . 

7.26 


. ... 

8.801 

1 



; 16.36 

J 

1 19.91 

! 


STRAIN 259 


2 

3 

4 

5 

6 

405 

173 

275 

380 

370 

165 

230 

330 

Gms. 

35 

8 

45 

50 

i ; 

i 

150 

250 

140 

160 

Gms. 

35 

25 

30 

30 

150 90 

180 90 

120 25 

287 ; 200 

Oms . ; 

60 : 120 

90 170 

95 < 54 

87 : 88 

1 155 

' 350 

1 

Oms. 

120 

120 

14 

48 

45 

llfiO 

7 








: 120 

50 

170 

8 








1 

i 60 

25 

35 

9 








50 

10 

40 

10 







i 

i 135 

60 

75 

Total.... 

1,238 

1,096 

138 

820 

700 

Il20 

737 I 405 

332 11,302 

575 

727 

Average.. 

308.25 

273.75 

34.50 

205 

175 

30 

184.25, 101.25 

83 1 130. 20 

57.50 

72.70 




P,et. 



P.et. 


PM.\ 


p.a. 

Diseased . 



11. 19 



14.63 

1 

45*05; . 


55.84 








1 

1 1 

1 



Experiment 2: 

1 ® 

5® 

10 ® 

15 ° 

Experiment 3: 

1 ® 

5® .. 

10 ® 

1.5® 


99475-52 3 
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Table 5. — Effida of inoculating sugar beets with various strains of Phoma belae 
and storing for 41 days under different temperatures in experiment 1 — Contd. 

STRAIN 260 


Weight of total, healthy, and diseased tissue of Inoculated beets stored at temperature (** C.) 

indicated 


Beet No, 

1» 

5® 

10® 

15® 


Total 

Healthy 

Diseased 

Total 

Healthy 

Diseased 

I 

Healthy 

Diseased 

Total 

1 

Diseased 

1 

Gm. 

260 

Gnu. 

240 

Gm. 

20 

Gm. 

370 

Gms. 

m 

Gm. 

20 

Gm. 

232 

Gm. 

220 

Gm. 

12 

Gm, 

402 

Gm. 

330 

Gm. 

72 

2 

m 

330 

25 

385 

360 

25 

516 

470 

45 

360 

260 

100 

1 

228 

225 

3 

417 

410 

7 

145 

125 

20 

I 60 

35 

25 

1 

278 

270 

8 

240 

230 

10 

162 

140 

22 

: 155 

145 

10 




115 

70 

45 

i 1 1 

1 

i 





i 

210 

140 

70 









170 

120 

50 

{ ; 










no 

15 

95 

> 1 

io : 












■ *'• 

70 

68 

60 

60 

10 

8 











Total.-.. 

Average.. 

1, 121 
280.26 

1,065 

266.25 

56 il,412 

14 353 

1,350 

337.50 

62 

15.60 

1,054 i 
263.50 

955 

238.75 

09 

24.80 

1.720 

172 

1,235 

123.50 

485 

48. 50 

Diseased. 



P. ct. 
5.00 



P.cf. 

4.30 



P.rt. 

0.39 


1 

1 

P.ct. 

28.20 







,1 



STRAIN 261 


1 

2 

3 

4 

5 

6.. 

7 

170 

175 

385 

115 

1.32 

465 

248 

179 

345 

285 

160 

165 

370 

no 

110 

430 

240 

170 

Gm, 

10 

10 

15 

5 

22 . 
35 

8 

9 

600 

710 

165 

125 

200 

215 

270 

214 

178 

315 

580 

680 

160 

120 

180 

190 

230 

210 

170 

290 

Gm. 

20 

30 

5 

5 

20 

25 

40 : 

! 4 

25 

470 

285 

330 

277 

516 

338 

530 

580 

335 

415 

480 

245 

440 

250 

300 

220 

480 

810 

600 

530 

310 

330 

460 

210 

Gm. 

80 

35 

30 

67 

35 

28 

30 

60 I 
25 

85 

20 

35 

235 

345 

246 

270 

210 

270 

200 

300 

185 

% 

8W 

; Gms. 

! 35 
j 46 

I 60 

110 

40 
! 40 

8 


1 j...:.. 

9 

330 

! 15 



10 

n,.. 

260 

25 




1 

12 









1 



1 







Total.... 

2,499 

2,345 

154 

2,992 

2,810 

182 

4,800 

4,840 

460 

1,675 

1,245 


Average.. 

249.90 

234.50 

15.40 

269.20 

281 

18.20 

400 

861.67 

88.33 

262.50 

207.50 

55 




P.ct. 



P.ct. 



P.ct 



P.ct. 

Diseased. 



6. 10 



6.08 



9.68 



20.95 














In experiment 1 whole beets were used for each inoculation. 
Because of the great irregularitj in the weights of diseased tissue 
from different beets when subjected to the same organisms and tem- 
perature, only sections of beet tissue (fig, 1) were used for the later 
experiments, thus eliminating differences due to variability among 
individual beets. While this procedure reduced the irregularities in 
the results, statistical methods showed other variabilities which it is 
believed mi^ht have been due to faulty technic in procuring a uniform 
quantity of inoculum throughout the tests or to variability in condi- 
tions of storage. 

In experiments 2 and 3 strains 252 and 259 were found to have the 
highest rela,tive rate of decay and strain 260 the lowest rate of decay, 
as shown in the following comparison of average weights of diseased 
ti^e per day for each strain of Phoma hetae. 
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Strain No. Diseased tiftne (gm.) 

262 0.4968 

269 - 4968 

260 - 2242 

261 - 4070 


The foUowii^ probability values were calculated^ for differences in 
decay produceof by each pair of strains of Phoma betae at all tempera- 
tures (1°, 5®, 10®, and 15® C.) used in experiments 2 and 3. 


Fairs of strains 
262 and 269 
262 and 260 
262 and 261 
269 and 260. 
269 and 261. 
260 and 261 


Probability value (P) 

0. 45 

.01 

. 18 

.01 

.16 

01 


These data indicate that strain 260 was the least aggressive and 
that each one of the three others was significantly different from it. 
The differences in respect to aggressiveness between strains 252, 259, 
and 261 are not clearly si^ificant. When the data for these organ- 
isms are analyzed for the individual temperatures, as shown in Table 
6, the differences are more clearly apparent. Strain 252 was not sig- 
nificantly different from 259 or 261 in amount of decay produced, but 
was sigmficantly different from 260. Strain 259 was not significantly 
different from 261 , but was markedly different from 260. The amount 
of decay produced by strains 260 and 261 was significantly different 
at all temperatures investigated. 


Table 6. — Probability values for the differences in decay "produced by each pair of 
strains of Phoma betae used in experiments 2 and S 


Pairs of strains j 

• 

1 

Tern- i 

perap 
ture I 
CC.) 

1 Probability 

1 value (JP)« 

Pairs of strains 

Tem- 

pera- 

ture 

CO.) 

Probability 
value (P)» 

Experi* 
ment 2 

1 

Experi* 
ment 8 

Experi- 
ment 2 

! Expert- 
1 ment 3 

1 

262 and 269. j 

1 

0.69 

0.84 

; 1 

: 269 and 280. ! 

i 1 

0.08 

0.01 

Do. I 

5 

.70 

.29 

. Do ! 

1 5 

.04 

i .01 

Do. 1 

10 

.65 

.38 

1 Do. 1 

10 

.01 

! .01 

Do ' 

16 

.61 

.11 

Da 

' 16 

.06 

j .01 

262 and 260 ..i 

1 

.01 

i .01 

960 And 261 ^ _ _ 1 

1 1 

.54 

.04 

TJa 

5 

.06 

.01 

Do ; 

; 6 

.44 : 

1 .19 

Da 

10 

.02 

.01 

Do 

! 10 

.02 1 

! .27 

Da 

16 

.10 

! :i8 

Do 

15 

.04 

1 .18 

2KS nnH Ml 

1 

.96 

1 .04 

960 And Ml. 

1 

.01 

.01 

Do 

5 

.69 

.02 

Do , 

5 

.01 

.01 

Da 

10 

.m 

1 .13 

Do , _ 

10 

.02 

.01 

Da 

16 

.18! .82 

Do 

15 

.03 

.03 


1 

1 

I 1 


1 




• A probability value of 0.05 for P was considered the limit of significance. 


Data showing the effect of temperature on the amount of tissue 
destroyed by each strain are given m Table 7. These results indicate 
that the weight of tissue destroyed at 5® C. was in no case significantly 
different from that destroyed at 1®. Strain 261 did not destroy sig- 
nificantly more tissue at 10® than at 1® or 5®. In all other cases, 
except strain 260 at 5® to 10®, the weights of tissue destroyed by each 
strain were significantly different for each 5 degrees change of tem- 
perature. 


* A probabUtty value of aos for P was oomaldarad tbe limit of aignifioa&oe. 
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Table 7. — Prohahility values for differences in weight of tissue destroyed hy each 
strain of Phoma hetae at temperatures of i®, 5°, and 15^ C. in experiments S 
and 3 


Temperature (® r.) 


1® and 5®_ .. 
Do.... 
Do.... 
Do.... 
1® and 10®. 
Do.... 
Do.... 
Do.... 
1® and 16®. 
Do.... 
Do.... 
Do..., 


! strain 
I No. 


m 

m 

261 


260 

261 

262 

259 

260 

.1 261 
I 


Proha- ! 



bilfty 1 
value ; 

Temperature (® C.) 

Strain 

No. 

(P). 1 


0.12J 

5® and 10® 

252 

.53 ! 

Do... 

259 

.18 ; 

Do 

260 

.51 ji 

Do 

261 

.01 !! 

6® and 16®... 

252 

.01 i 

Do... 

259 

.04 i; 

I>o... ... 

260 

. 16 ij 

Do 

261 

.01 !l 

10® and 16® 

252 

.01 || 

Do 

259 

.01 || 

Do 

260 

■"II 

Do 

261 


Proba- 

bility 

value 

(P)- 


0.04 

.02 

.07 

.15 

.02 

.01 

.01 

.01 

.04 

.02 

.01 

.01 


■ A probability value of 0.05 for P was considered the limit of significance. 



DAYS IN STORAGE 

Fioure 2.~-Relative progress of decay in each of the four strains of Phoma betae 

The rate of decay, based on the average of results obtained in 
experiment 4, is exprrased as curves in Figure 2 for strains 262, 259, 

260, and 261, respectively. The curve of strain 252 is similar to that 
of strain 259, whereas the curve of strmn 260 resembles that of strain 

261. These curves confirm the statistical results presented in Tables 
5, 6, and 7, and also show that strains 252 and 259 destroy sugar-beet 
tissue more rapidly than do strams 260 and 261 . Strains 252 and 269 
destroyed practically all the available tissue within 36 days, but strains 
260 and 261 did not. Strain 260 was again shown to be the least 
aggr^ive. Strain 261 attacks slowly, as does 260, but progresses at 
a rapid rate, approaching the curves of strains 262 and 259 at about the 
f^y-^hth day. These curves, together with the fact that the 
cnqieriments deal with the relative rate of decay produced by the 
strains during long storage periods, show why it was not possible to 
eataldish sig^cant differences between strains 261 and 252 or between 
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strains 261 and 259. The curves indicate a probable tdifferencc in 
aggressiveness for strain 261 and show the advantage of running such 
tests at varied temperatures and for various lengths of storage periods. 

DISCUSSION 

Phoma betm is undoubtedly the most important wound parasite 
found in stored sugar beets in the Western States, particularly in 
northern Utah. While no figures are available as to the economic 
losses resulting frtuii the action of this fungus, it is safe to assume 
that the damage incurred from year to year has generally reached 
significant proportions. Kediiction in the total extractable sucrose, 
occasioned by rotting of the healthy tissues, and in the weight of the 
stored beets constitutes the main source of loss. 

The experimental results herein reported show that temperature is 
one of the most impoi tant ecological factors associated with decay of 
beets in storage. In general, low temperatures retard the penetration 
of the fungus into exposed crown tissues and the higher temperatures 
favor it. It would therefore seem advisable to delay until the advent 
of cooler weather the piling of beets in those localities where high 
temperatures prevail. The length of the storage period niay deter- 
mine in large measure whether or not losses will become significant, 
according to the rate of decay produced by the strains of Phoma betae 
present in the storage pile. Although only four strains of the fungus 
were used in the experiments reported in this paper, the senior writer 
has isolated from various sources more than 20 strains that gave evi- 
dence of morphologic variation. Since marked differences in size of 
spores were found in two of the strains used in these experiments and 
since similar variations in size of spores have beennoted in otherstrains, 
there is reason to believe that a number of distinct strains exist. The 
results of the present investigation indicate wide differences in the 
capacity of these strains to decay sugar-beet tissue. 

SUMMARY 

The rejation of temperature and length of storage to rotting of sugar 
beets by the fungus Phoma betae (Oiid.) Frank has been investigated. 
Distinct morphologic differences have been found between tw'o of the 
strains used. 

Four strains of the fungus were studied under controlled conditions 
to determine their relative capacity for producing decay. The data 
indicate that the four strains of Ph^ma betae tested vary in the rate at 
which they destroy beet tissue, the differences amounting to as much 
as 50 per cent but varying according to the temperature and period 
of storage. 

Increase in temperature during storage favored increased metabo- 
lism of the fungus, with attendant increase in rotting of tissues. In 
general, significant differences w’ere noted for each change of 5® C. 
in temperature. 

Strains 252 and 259 were found to possess similar aggressiveness, 
although they differed significantly in morphology. Both differed 
markedly from strain 260 m the amount of decay produced. Strains 
260 and 261, the morphology of which was not studied, were found to 
be significantly different m their ability to produce decay. It is 
therefore believed that distinct strains of Phoma betae exist. 




ROOT CONSTRICTION OF COTTON PLANTS IN THE SAN 
JOAQUIN VALLEY OP CALIFORNIA ^ 


By J. W. Hubbahd 

Senior Scientific Aid, IHtneion of Cotton. Rubber, and Other Troj^cal Plants, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Cotton plants may be severely stunted, or even killed, when their 
roots are choked in hard soil. The injury occurs a little below the 
surface of the ^ound, where the soil becomes dry and hardens around 
the small seedling taproot, thus preventing further expansion. As 
the plant grows the stalk bulges out over the hard soil and forms an 
enlarged calloused base, contrasting with the threadlike taproot firmly 
encased in the hard sod. The plant reaches a stf^e of development 
where such constriction of the root causes it to wut rather suddenly 
and it will die if the condition is not relieved in a short time. 

In Texas, instances of root constriction have been reported in which 
cotton plants growing in heavy clay soils were strangled as a result of 
root constriction when the sod was compacted by continuous rain or 
excessive irrigation.^ A simdar effect was observed by the writer at 
the United States cotton field station, Shafter, Calif., in 1930. In 
this case the constriction was caused by withholding water early in 
the season, thus allowing the sod to become dry and hard near the 
surface. 

The disorder as noted in Texas was recorded as a new disease and 
named ^^root strangulation’^; but since it is neither physiological nor 
parasitic, it is hardly to be reckoned as a disease unless the word is 
used in its broadest sense, to include any departure from nonnaJ 
structure or function. Cook,® in discussing leaf cut, or tomosis, a 
common disorder of cotton seedlings, recognizes a class of ecological 
disorders intermediate between physiological diseases and mechanical 
injuries or traumatisms. To this intermediate class the strangulation 
of plants by root constriction may be added, though the causal 
factors are purely mechanical. 

OBSERVATIONS AND STUDIES 

At Shafter, Calif., several dead plants were found in plots of cotton 
that showed no general indications of stress conditions. When 
examined the roots of these plants were found to be severely con- 
stricted just under the surface mulch where they entered the firmer 
soil. In most cases the root just above the constriction was enlaced 
beyond the normal size at the base of the stalk, and calloused. The 
reduction from these large calloused bases to the constricted root 
below was usually very abrupt. Often a reduction from a stem 
1.5 to 2 cm. in diameter to a root about 1 mm. in diameter would 
occur in the space of 1 cm. or less. 

1 Received for publication July 29, 1931; issued February, 1932. 

1 Anonymous, (cotton plants abb stbanoled to dbath by habd, dry clay in a new disbabb of 
COTTON . . . (Item) Science (n. s.) 71 (1847): XIV. 1930. 

> OOOK, O. F. LEAF-CUT, OB TOMOSIS, A DIBOBDBR OF COTTON SBBDUNQS. U. 8. Dept. AgT., BUT. Plant 

Indus. 01^ 120: 20-M. 1913. 
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The constructions of the roots were usually from 3 to 6 inches or 
more in length, extending through the extremely hard dry soil near 
the surface. Beneath this hard dry soil layer the roots appeared 
normal in every respect. In many cases there were no lateral roots 
near the surface and the plants were merely resting on flat, calloused 
bases. In such cases the plants were kept erect largely by the tension 
of the threadlike taproots that held these large calloused bases firmlv 
against the hard soil. Wlien the plots were irrigated many such 
plants fell prostrate as the soil softened and gave way under the 
bases. 

The first observations of the disorder at Shafter were recorded 
July 2, 1930, the condition appearing in a series of plots that were 
planted April 21. These plots had been irrigated on April 15 by 
flooding and were harrowed lightly before planting. On Juno 13 
the stand was thinned to about 12 inches between plants, and this 
operation was followed by a shallow cultivation, leaving a surface 
mulch from 2 to 3 inches deep. The average plants in the plots were 
about 12 to 15 inches high and had been flowering for several days 
when the first dead ones were observed. The dead and severely 
wilted plants were slightly smaller than the average. Further 
investigations showed that most of the plants were more or less 
constricted, and many of the smaller ones were observed to show 
slight symptoms of a deficient water supply. In the following 
days more of these plants wilted and died rather suddenly, and the 
condition became so severe that the plots were irrigated on July 8. 
Several plants that were severely wilted immediately before irrigation 
were tag^jed for further study. Some of these recovered vei^r slowly 
from their wilted condition, while others regained tiirgidity soon 
after irrigation but remained a dull bluish color for several days, 
indicating water stress. Only a few plants failed to dcecover, and 
these were practically dead when irrigated. 

^veral of the tagged plants were removed July 10, two days after 
irrigation, by digging them carefullv and washing the soil from the 
roots. All of these plants had badly constricted taproots and very 
few old lateral roots near the surface, but they had many white rootlets 
springing from the bases of the stalks and taproots. These rootlets 
ranged in length from very short stubs to more than one-fourth inch, 
as Mown in Figure 1 , 

Additional specimens of the plants that were severely wilted before 
irrigation were removed July 22. Most of these recovered com- 
pletely, and in every case in which the top of the plant had recovered 
the taproot was filled out to normal size. A few of the tagged plants 
were left undisturbed throughout the season. These showed no ill 
effect of the early constriction but developed normally and produced 
good crops of cotton. 

Figure 2 shows a plant severely wilted from root constriction, in 
comparison with an adjacent normal plant. When the plot was 
irrigated a few minutes after this photograph was taken the wilted 
plant fell because the soil softened oeneath its base. Other plants in 
the same plcrt that were wilted to about the same extent immediately 
before irngation made recoveries, some apparently complete, others 
ojody partial. The degree of wilt represented by the wilted plant in 
Figure 2 appeared to be about the hmit of stress from which a plant 
could recover to normal. 



Jan. 1, 1932 


Root Constriction of Cotton Plants 


41 



FiounE l.~ Parts of constricted cotton plants two days after irrigation, showing the development 
of white rootlets and the quick response of the plants to irrigation. (Natural sise) 
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^ PHOTOGRAPHIC RECORDS 

In a further study of this disorder, in another set of plots, two 
series of natural-size photo^aphs were made of root-constricted 
plants, showing portions of the taproots before and after irrigation. 
The first series was begun July 23 in a plot of cotton that was juanted 
May 24, and the second series was begun Au^st 15 in a plot planted 
June 7. Neither of these plots had ^en irrigated after planting, 
previous to the beginning of the studies. A group of three plants 
in each plot was used for study. The first group will be referred to as 
series 1 and the second group as series 2. Photographs are shown 
of only one plant in each group. In series 1 the photographs of plant 



Fioubs 2.— Constricted cotton plant (at right) showing severe condition of wilt, in comparison 
with an adjacent normal plant. This severely wiltea condition is reached in a few hours after 
wilting starts. Such plants do not recover at night 


1 typify all three plants studied. In series 2 only one of the three 
plants survived. 

Series 1 

The upper portions of the taproots of the three plants in series 1 
were photographed July 23. This was done bv digj^ng a trench 
about 8 to 10 inches deep close to the plants and washing away the 
soil from one side of the taproots by means of a small pressure tank 
and hose. Natural-size phot^aphs were taken as soon as the tap- 
roots were dearly exnosed. 'flie soil was then carefully replaced 
about the roots and tne plot irrigated. 

The roots of these plants were again photographed in a similar 
manner on August 8 for comparison with the pnotographs taken 
on July 23. Figure 3 shows the condition of the taproot of plant 1 
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of this series at the time of the first and second exposi\res. These 
observations merely confirm the result of the more casual determina* 
tions already made showing that the plants were able to fill out the 




constrictions of the roots in a very short time after irrigation. Each 
of the three plants under observation showed severely constricted 
roots before irrigation and a complete recovery 16 days after irriga- 
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tion. Thc«plants were removed from the field on August 8, and the 
taproots were split in longitudinal sections to show the newly devel- 
oped wood. (Fig. 3, C.) No lines of demarcation were visible 
between the old wood of the constricted root and the new wood 
formed after irrigation. 

Series 2 

In series 2, consisting of three plants, the roots were first exposed 
for photographing on August 15, primarily to determine the rate of 
recovery of the constricted roots of plants that recovered promptly 
aboveground. These plants were in a plot that was planted June 7 
and received no irrigation after seeding. Many plants in this plot 
were dead or dying from root constriction when the first exposure 
was made. Figure 4 shows a section of a row near the location of the 
three plants of this series, taken just before irrigation, showing plants 
in several stages of wilt caused by root constriction. This plot was 



Figure 4."<SecUon of row near the location of the three plants sheeted for study in series 2. 
This photograph, taken Just before the first irrigation after planting, shows .several plants .severely 
wilted from root constriction, together with normal-appearing plants 


irrigated August 15 immediately after the first set of photographs 
was taken. 

Plant 1 of this series was turgid and green when photographed, but 
wilted soon afterward and did not make a complete recovery. Plants 
2 and 3 were slightly wilted at 9 a. m., before the roots were disturbed. 
Plant 2 failed to recover and was dropped with plant I from this 
investigation, leaving only plant 3 to be studied for the rate of root 
expansion. This plant recovered from wilting promptljr and assumed 
a normal appearance aboveground a few days after irrigation. A 
second exposure was made of this plant on August 21 and a third 
exposure on August 26. Figure 5 snows the condition of the taproot 
at the time of the first, second, and third exposures, respectively. 
Some idea of the rapid development that takes place in constricted 
roots after irrigation may be had by (comparing these views. The 
rapid development of lateral roots near the simace of the ground 
appears remarkable. k 

In Figure 5, A, which shows the plant before irrigation, it may be 
seen that there were no lateral roots near the surface at the time of 
the first exposure. In B, which was taken six days after the first 
exposure and irrigation, many small white lateral roots are shown. 
Tnessf roots were veiy tender and some were broken; others were 
exposed entire, but care was taken not to disturb them more than was 
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necessary, smce further study of the plant was desirable. Figure 5, 
C, which was taken five days after B and 11 days after A, shows these 
laterals to be of tough, woody structure, with many small secondary 
branches. 

Several neighboring plants were removed from the plot August 21 
and cross sections were made of the taproots through the constriction. 
A small hard center of old wood was clearly distinguishable in these 
sections, with a large ring of clear, semitransparent wood and rather 
heavy bark. The proportions of old wood, new wood, and bark on 
an average root were, respectively, three thirty-seconds, three 
thirty-seconds, and one-sixteenth of an inch. The new wood was 
very soft, and the greater part of it could be scraped off easiljy^ with 
the thumb nail into a clear jellylike mass. Similar cross sections of 
roots removed August 26 showed no definite lines of demarcation 
between the old and new wood, but the cambium was very active and 
a thin outer portion of the wood was rather soft. 

DISCUSSION 

Constriction of taproots was found to be general at the United 
States cotton field station in plots that were not irrigated for a long 
time after planting, and in many cases it became necessary to irrigate 
before the plants had reached a stage of development where irrigation 
appeared desirable, except as a measure to prevent some losses in 
seedling stand. Some plots at the station were irrigated early in the 
season during the seedling sta^e of the plants, and the roots of these 
plants developed normally, while the roots of plants in adjoining plots 
that were not irrigated became constricted. The general practice 
among cotton growers in the San Joaouin Valley is to irrigate freely 
rather eaTly in the season, in order to aevelop a large plant, and then 
to stop imgation in an effort to force maturity of the crop. While 
this practice is not considered a good cultural method, it prevents 
root constriction and is probably the reason why the disorder has not 
been reported heretofore. The objection to irrigating early in the 
season before the cotton has reached the flowering stage is” that the 
plants may ^w too rank and fail to mature as large a crop of bolls 
as they would otherwise. Moreover, the plants that have too much 
water at first may develop shallow root systems and are therefore 
likely to suffer in dry weather, so that both the quality of the fiber 
and the yield may be impaired. It appears that root constriction 
may interfere somewhat with the appucation of improved cultural 
methods on the sandy soils that become very hard when diy; but 
since the injury is not permanent and does not appear to affect the 
later development of the plants in any way, it is probably of minor 
importance. 

SUMMARY 

Cotton plants grown at the United States cotton field station at 
Shafter, Calif., in 1930 were observed to wilt and die suddenly as a 
result of taproot constriction. The soil in which these plants were 
grown is fight sandy loam that becomes very hard when dry, and 
the constricted plants were found in each case in plots that had not 
been irrigated after planting. 
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Irrigation corrected the condition that caused constriction, and the 
plants that were not too severely injured recovered after irrigation 
and developed into normal, well-fruited plants. 

Photographs of constricted roots taken before and after irrigation 
show that the plants made a rapid recovery from the disorder as soon 
as the cause was removed. 

In one series of photographs the development of new lateral roots 
near the surface of the ground is shown. A plant having no surface 
lateral roots before irrigation is shown on the sixth day after irrigation 
with numerous small, white lateral roots, some of them more than 
6 inches long. Eleven days after irrigation these new laterals had 
greatly increased in length, were tough and woody, and had many 
branches. 

In cross sections of constricted roots made during the rapid growth 
after irrigation a large ring of soft semitransparent wood tissue was 
observed between the old wood and the bark. Six days after irrigation 
this new wood tissue could be scraped off with little effort into a clear, 
jellylike mass, but 1 1 days after irrigation no lines of demarcation 
were perceptible to the naked eye between the new and the old wood. 

The disorder is probably of little importance to the cotton grower 
under present conditions, but it may interfere with the utilization of 
the best cultural methods unless some practical method other than 
inigation is devised to correct the conditions causing it. 



HETEROTHALLISM AND HYBRIDIZATION IN ’TILLETIA 
TRITICI AND T. LEVIS ‘ 

By !I. H. Flok 

Asaodale Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The most destructive disease of wheat in the Pacific Northwest is 
bunt or stinking smut. Seed treatment is not entirely effective on 
fall-sown wheat because of soil infestation. Consequently, the most 
promising means of control appears to be the development and use of 
resistant varieties. 

A number of varieties apparently resistant to bunt have been devel- 
oped. For a number of years these varieties maintained their resist- 
ance, but they are now being attacked with increased severity from 
year to year. Gaines “ has shown that these varieties are being 
attacked by new forms of Tilletia tritici (Bjerk.) Wint. and T. him 
Kiihn. Prior to 1018 only T. tritici was known to occur in tbe State 
of Washington (10).^ By the inoculation of selected varieties ^\ith a 
number of field collections, Gaines in 1028 found that the resistant 
varieties had maintained their resistance to the old form of T. triticij 
but that two additional forms of T. tritici and four forms of 7\ leHs 
were pn'simt in this region. 

This increasing amount of smut in previously resistant varieties 
showed the importance of a thorough consideration of the r61e of 
physiologic specialization in a breeding program and emphasized the 
necessity for obtaining fundamental information concerning the origin 
of these new forms as well as their prevalence and distribution. 

The occurrence of physiologic specialization in the cereal smuts has 
been repeatedly demonstrated. According to Stakman (16), physio- 
logic forms may be differentiated by (1) cultural characters, (2) 
physicochemical reactions, (3) morphology, and (4) pathogenicity. 
Pathogcuiicity as shown by varietal reaction has been the criterion 
most widely used for differentiation and is of most importance from 
the standpoint of the plant breeder. 

Usually little if any effort has been exercised by the various investi- 
gators to insure the purity of the physiologic forms of smut with which 
they have worked. The usual procedure has been to obtain collec- 
tions from various localities or from resistant varieties and test these 
on a number of varietal host testera directly, or after the collection 
has been increased on a susceptible host. In some instances an 
attempt has been made to purify the collections by increasing them 
on their respective differential hosts, i. e., the variety that each collec- 
tion is able to infect but that is not attacked by other collections. 
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Obviously, &is method would stram out those forms that were unable 
to infect this variety. However, it would give no assurance that the 
collection had been reduced to a single physiologic form, as it is pos- 
sible that a number of forms or hybrid forms exist that are able to 
attack any mven variety. In order to study the importance of muta- 
tion and hybridization m the development of pathogenically (Merent 
physiologic forms, it is imperative that the work be started with lines 
as pure as possible. 

^ The pr^ent investigation was undertaken to study the {pathoge- 
nicity of single and paired monosporidial cultures of TiUetia tritici and 
T. levis and thus learn as much as possible concerning the nature of 
infection, the importance of hybridization in the development of new 
forms, and the possibility of developing improved methods for the 
purification of the physiologic forms. 

HISTORICAL REVIEW 

The fusion of sporidia in certain smuts has been observed by a 
number of investigators. Kniep {11) in 1919, working with Ustuago 
violacea Pers., was the first to show that this fusion occurs only between 
certain sporidia and that therefore the smut is heterothalhc. Since 
then a number of species of the Ustilagineae have been studied and 
found to be heterothalhc, except for Christensen’s (2) report of infec- 
tion by monosporidial lines of u, seae (Beckm.) Ung. Zulig (17) con- 
firmed the work of Eniep and further showed that conjugation 
occurred between sexual strains of different physiologic forms. Kniep 
(12) observed conjugation between the sporidia of a nuniber of 
smooth-spored species of Ustil^o and also between different 
echinulate-spored species and reticulate-spored species. He also 
observed conjugation between sporidia of certain smooth-spored and 
eclunulate-spored species, but observed none between sporidia of 
reticulate-spored and those of either smooth-spored or echinulate- 
spored species. Dickinson (5) observed hyphal fusion in the host 
tissue between monosporidial cultures of U. hordei (Pers.) Kell, and 
Sw. and U. nvda (Jens.) Kell, and Sw., but did not permit his plants 
to grow to maturity. Apparently interspecific fusion is common in 
the smuts. However, none of these investigators completed their 
tests. They did not report whether the intempecific crosses were 
able to cause infection, as shown by the production of mature chlamy- 
dospores in the host plant. This information is exceedingly important 
from the point of view of the investigator interested in the origin and 
development of physiologic forms. Hanna and Popp {9) found that 
Z7. avenae (Pers.) Jens, and 17. levis (Kell, and Sw.) Magn. were hetero- 
thallic and that a monosporidial culture of one species mated readily 
with one of opposite sex of the other species. From this mating a 
smutted panicle was produced which was somewhat intermediate in 
appearance between tne loose and covered types, and the spores were 
ecmnulate. 

A number of investigators have attempted to infect wheat plants 
with cultures of the bunt organism. Sartoris {15) failed to obtain 
infection, although he grew his wheat in large flasks containing a 
culture of the organism. Kienholz and Heald {10) likewise failed to 
obtain infection when the seed was inoculated with cultures derived 
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^ from the chlamydospore mass. Bodine and Durrell (f) obtained 
* infection by inoculatms wheat seedlings with cultures derived from 
secondary sporidia produced by a chlamydospore mass culture. 

FORMATION OF SPORIDIA 

The chlamydospores of TiUetia iritici and T, levis germinate by form- 
ing a promycelium into which the protoplasm of the spore passes. 
As the promvcelium elongates, the protoplasm is confined to the upper 
portion, ana septa are laid down as the basal portion is evacuated. 
At the tip of the promycelium is produced a crown of 8 to 24 long 
slender sporidia, which in this paper are termed ‘^primaiy^' sporidia. 
^ cultures used in the tests reported in this paper were derived from 
single primary sporidia. ^ Those primary sporidia commonly fuse to 
form the H-shaped sporidia. Usually both the single primary sporidia 
and the H-shaped sporidia germinate by sending out a single germ 
tube or mycelial filament which may or may not produce sickle- 
shaped secondary sporidia. However, both types of primary sporidia 
occasionally proauce more than one germ tube. 

MATERIALS AND METHODS 

The monosporidial cultures used in these tests were derived from 
three strains of TiUetia triiici and two of T, levis that had been col- 
lected by E. F. Gaines in the Pacific Northwest and differentiated 
by their action on wheat varieties. 

The methods of making single sporidia! isolations as described by 
Dickinson (4) and Hanna (7) for smuts of the Ustilago type were tried 
but were not satisfactory. Single spores of TiUetia tritici and T, levis 
did not germinate normuly on culture media, although in mass normal 
germination was obtained. Kienholz and Heald {10) found this to 
be true when they attempted to start cultures with single chlamydo- 
spores. Furthermore, the sporidia were produced in a crown at the 
tip of the promvcelium anci were difficult to separate. Until fully 
mature th^ could not be separated from the tip of the promycelium 
without injury, and when mature many of them were fused to form 
the H-shaped sporidia. 

Two fairly satisfactory methods were used in isolating single spo- 
ridia. In both methods the smut ball was carefully removed from the 
head, dipped momentarily in 95 per cent alcohol, flamed, and then 
crushed with forceps over a Petri dish of nonnutrient agar. This was 
incubated at 15® C. from four to seven days until mature primary 
sporidia were formed but before there was much germination of the 
primary sporidia. 

In the first method of isolation a suspension was made of the 
sporidia in sterile water and this suspension streaked with a platinum 
loop on a thin layer of nonnutrient agar in a Petri dish. The sporidia 
geimmated in from 6 to 24 hours By sending out germ tubes into 
nnu ^Be ^ entire protoplasmic contents of the sporidium passed. 
The sporidia that were suflBciently isolated were then transferred to 
Thaxter’s potato hard f^ar. This was accomplished with a glass 
needle drawn out to a diameter equal to two-thirds the length of a 
pnmary sporidium and rounded at the tip so as not to cause injuiy. 
The needle was sterilized by dipping it m alcohol. The sporidium 
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was remov€»d, under the l6-mm. objective of a microscope, by touching 
the needle to the evacuated portion of the sporidium and germ tube, 
and was deposited on the nutrient agar by drawing the needle across 
the surface at an obliq[ue angle. The sporidium was invariably 
deposited at the beginning of the stroke and, if the needle was not 
forced too deeply into the agar, could be readily seen and the isolation 
verified by looking through the bottom of the Petri dish with the 
l6-mm. objective. 

The second method was somewhat similar to the first in that all the 
operations were performed under the l6-mm. objective. All the 
sporidia were removed with the glass needle from the tip of pro- 
mycelium as soon as mature and transferred to a Petri dish of non- 
nutrient agar. They were then separated from one another with a. 
glass needle and transferred to nutrient agar one at a time. 

The subsequent treatment was the same in both methods. The 
isolated sporidia were incubated from 7 to 10 days at 15® C. At the 
end of the incubation period the sporidia that were growing had 
usually develoi)ed a colony about 0.1 cm. in diameter and were 
visible to the naked eye. The colony was then transferred to a test 
tube of potato agar containing 1 per cent dextrose. Only 1 per cent 
was used because a deficiency of sugar in the medium was found to be 
conducive to the maintenance of that stage of the fungus character- 
ized by the abundant production of secondary sporidia. 

Because of the apparent difficulty in obtaining infection from bunt 
cultures, the following technic was adopted: Prelude wheat, a suscep- 
tible spring variety, was soaked for one hour in a 1-400 L^spulun * solu- 
tion, washed thoroughly, jind then dried. The seed was germinated 
in sterile Petri dishes on filter paper. When the germinating sprouts 
were one-fourth of an inch long they were inoculated by holding the 
seed between sterile forceps, puncturing the stem near tlie base with a 
sterile needle, and working the inoculum into the wound. The 
inoculated seedlings were again placed on moist filter paper in sterile 
Petri dishes and incubated four days at 15® C. They were then 
transferred to cans of sterile soil, kept in temperature tanks main- 
tained at 15® for approrimately two weeks, and then transplanted 
to a bench of steamed soil in a greenhouse maintained at 15® to 17®. 

The single primaiy sporidia! cultures tested were paired in all 

E ossible combinations, and 15 seedlings were employed in each test. 

lights were used in the greenhouse, and the wheat headed about 45 
days after it was transplanted to the bench. 

EXPERIMENTAL RESULTS 

HETEROTHALLISM IN TILLETIA TRITICI 

The pathogenicity of 12 single primary sporidial cultures derived 
from the same wheat head of Tilletia trit%ci, form 3, was tested alone 
and in all possible paired combinations. Although 15 plants were 
inoculated in each case, that number seldom survived, owing to the 
severity of the injury at the time of inoculation. As the object of the 
test was primarily to detennine which matings produced infection, 
as evidenced by smut balls in the head, the number of surviving plants 
in cases where infection occurred was not important. However, it is 

^ — 

i A cbmmorcial seed disinfectant. 
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recognized that the results in cases in which infection di(f not occur, 
oven when all inoculated plants survived, while strongly indicative, 
may not liave been conclusive. 

It is possible that pathogenicity is not synonymous with sexual 
compatibility. It may bo influenced by physicochemical or other 
factors entirely separated from sex. However, until more infonnation 
concerning the relationship of sexuality and pathogenicity becomes 
available, it seems advisable to consider the ability of two mono- 
sporidial lines to produce smut balls in the wheat head as a measure 
of their sexual compatibility. 

The results obtained in pairing 12 single primary sporidial cultures 
of form 8 of TUletia tritici are presented in Table 1 . These show that 
the species is hetei-othallic, for in no case was infection produced by a 
single culture. A number of sex groups appear to be involved . Hanna 
(^) and Christensen (2) have shown that this is true in Ihtilago zeae. 
Cultures 209 and 218 appeared to belong to one group which when 
paired with 240, 248, 268, 808, 304, or 306 were able to produce 
infection. Although 240 and 243 did not (‘ause infection when paired 
with 218, it is probable, in view of the similarity of reaction, of 209 
and 213 to the other numbers in this group and because of the small 
number of j)lants involved, that they belong to the same group as 
268, 803, 804, and 806. Culture 235 produced infection only when 
mated with 302 and 805, showing the existence of another sexually 
compatible group. Culture 262 failed to cause infection when paired 
with any of the other cultures. This indicates either that it had lost 
its vigor or that another sex group exists. 

Table 1. — Hesulls of inoculating Prelude wheat with single and paired cultures 
derived from single primary sporidia of form H of TUletia tritici 
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HYBRIDIZATION OF PHYSIOLOGIC FORMS OF TILLETIA TRITICI 

In Tables 2 and 8 are given the results of pairing monosporidial 
cultures of forms 1 and 2 of TUletia> tritici vfith two cultures of form 
3 which were known to be sexually compatible from preliminary work 
(6). Although these tests were limited and none of the four sporidia 
selected from either form 1 or 2 were compatible with one another, 
they showed that these forms readily hjrbridized with form 3. Culture 
297 of form I caused infection when paired with culture 263 of form 3, 
and cultures 288 and 293 of form 2 reacted similarly with culture 209 of 
form 3. 
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Table 2. — fResuUa of inoculating Prdude wheat with single and paired euUuree 
derived from single primary sporidia of forms 1 and 8 of TiUetia tritici 
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Table 3. — Results of inoculating Prelude wheat with single and paired cultures 
derived from single primary sporidia of forms 2 and S of TiUetia tritici 



HYBRIDIZATION OP PHYSIOLOGIC FORMS OP TILLETIA LEVIS 

The tests of th^ pathogenicity of single and paired monosporidial 
cultures of TiUetia tevis were not so extensive as those of T. triticL A 
single test was made in which four cultures of form 5 and four of form 
7 were paired in all possible combinations. The results are given in 
Table 4. 


Table 4. — ResuUs of inoculating Prelude wheat with single and paired cultures 
derived from single primary sporidia of forms 6 and 7 of TiUetia levis 



This test showed that the infection phenomenon found for TiUetia 
tritici was also true for T. lem. The species apparently is hetero- 





. HeterothaUiam and Hybridization in Wheat 55 


thallic, as none of the monosporidial cultures alone was able to cause 
infection. A number of sex gmups appear to be involved. None of 
the cultures of form 5, when pairea with one another, caused infection, 
but they hybridized with sexually compatible cultures of form 7. 
Four of the eight cultures tested belonged to one sexually compatible 
group. Cultures 223 and 286 of form 7 produced infection when 
paired with cultures 308 of form 7 and 219 of form 5. Culture 283 of 
form 7 caused infection only when mated with culture 281 of form 5, 
showing the existence of another sexually compatible group. Cul- 
tures 245 and 264 did not cause infection when paired with any of the 
cultures, thus indicating the existence of another sex group. 

HYBRIDIZATION OP TILLETIA TRITICI AND T. LEVIS 

The question of hybridization of Tilletia triiici and T. levis in nature 
has frequently been raised. The writer has examined over 10,000 
bunted heads of wheat and has found that the rough-spored and 
smooth-spored forms rarely occur together in the same smut ball or 
even in the same head. However, all degrees of reticulation have been 
observed. Some of the spores were so finely reticulated that they 
could be distinguished only with difficulty from the nonreticulated 
species, while others were so coarsely reticulated that they appeared 
almost spiny. That there is abundant opportunity for hybridization 
to occur m nature is shown in a survey made by the writer. In 1930, 
samples of 50 to 100 smutted heads from each field were collected from 
fields widely separated in Washington, Oregon, and Idaho, and each 
head was examined for the presence of the smooth-spored and rough- 
spored species. In Washington 46 out of 65 collections were mixtures 
of T, tntici and T. levis; in Oregon 26 out of 45 were mixtures; and 
in Idaho 9 out of 10 were mixtures. 

The results obtained by inoculating seedlings of Prelude wheat 
with 5 monosporidial cultures of form 3 of Tilletia tritici, and with 5 
cultures of form 7 of T. levis, in ail possible paired combinations, are 
presented in Table 5. These data show that the two species hybridize 
readily. * Of the 10 cultures tested, 8 appear to belong to one sexually 
compatible ^oup. Culture 308 of T. levis and cultures 263, 303, and 
306 of T. tritici belong to one sex, while cultures 223, 285, and 286 of 
T. levis and 209 of T. tritici belong to the other. Although the pair- 
ing 285+263 did not cause infection, it is probable, in consideration 
of the limited number of plants used and because of similarity in 
reaction of these cultures to the others in all the other cases, that 
other factors than sex were involved. Cultures 283 and 302 did not 
produce infected plants and may have belonged to a sex group the 
complement of which was not included in this test. 

The spores produced in heads infected by pairing a monosporidial 
culture of the reticulate-walled Tilletia triiici with one of the smooth- 
walled T, levis were identical in appearance with those of the latter. 
In this test nine interspecific crosses caused infection and the spores 
were invariably smooth walled and somewhat ellipsoidal in shape. 
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Table 6. — Reeulta of inoculating Prelude wheat mth single and paired cultures 
derived from single primary sporidia of form 3 of Tilletia tritici and form 7 of T. 
levis 


InociiluTH and culture No. 
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DISCUSSION AND CONCLUSIONS 

The pathogenicity of 20 cultures of Tilletia tritici and 9 cultures of 
levis, which had been derived from single primary sporidia, was 
tested. In this group were three physiologic forms of T, tritici and 
two of T. levis. These forms had been purified by varietal straining 
and were pathogenically distinct. Prelude wheat inoculated with 
single cultures was not smutted, but the pairing of two sexually com- 
patible cultures caused nonnal infection. 

The problem of the interrelationship of sex and pathogenicity 
appears to be complicated by the existence of a number of sex groups. 
For example, cultures A + B may cause infection, as may C-fD, 
but any combination of A or B with C and D will not. The existence 
of still other sex groups is indicated by cultures that failed to cause 
infection when paired with A, B, C, or J^. The members of the sex 
groups are specific, for in no instance was a member of one group able 
to cause infection when paired with one of another group. 

Although the sex groups were very distinct, membership, within a 
sex group was not confined to a particular physiologic form or even 
to the respective species. Into one sexually compatible group fell 
8 lines of form 3, 2 of form 2, and 1 of form 1 of Tilletia tritici, and 1 of 
form 5 and 4 of form 7 of T, levis. Form 3 of T, tritici readily hybrid- 
ized with forms 1 and 2 of the same species and with forin 7 of T, 
levis. Forms 5 and 7 of T, levis also hybridized. These were the 
only combinations of forms tested, but it is probable that hybridization 
between other combinations may occur and may be an important 
factor in the origin of new physiologic forms. 

In a study of the importance of hybridization and mutation in the 
origin of pathogenically different physiologic forms of Tilletia tritici 
and T, levis, it is essential to obtain as pure a line as possible of the 
diploid or pathogenic phase. 

Cytological studies of Tilletia tritici have been made by Rawitscher 
{14), Paravicini {IS), and Dastur {3), These investigators found that 
a nuclear fusion precedes chlamydospore formation. Therefore, the 
chlamydospores are hybrids unless the sporidia or monosporidial 
c^tures that unite prior to chlamydospore formation are genetically 
identical except for sex. 
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Until the present time the only method that has been igsed for the 
purification of collections, in the determination of physiologic forms, 
IS varietal straining. This has been done by inoculating differential 
varieties on the theory that those forms in the collection to which the 
particular variety is resistant will be strained out. Although Gaines’s ® 
results appear to bear out this theory, this method gives no assurance 
that a number of ])hysiologic forms to which the variety may be 
sus(^eptiblo are not present. Theoretically the sporidia or gametes of 
a physiologic form should be genetically identical except for sex. 

The cultures derived from the single primary sporidia of TilleMa 
tritici md T. levis are heterothallic. Consequently these cultures are 
haploid and functionally garnetic. It should be possible to develop 
pathogenically pure diploid lines by mating haploid cultures of the 
progeny to each of their parents and in* turn mating haploid cultures 
of the progeny^ of this mating to each of the original parental cultures. 
A repetition of this process should develop pure lines with greater 
certainty than the luethods now used for developing pure lines of 
animals and the higher plants, for instead of having tw^o variable 
parental gametes, one gamete would be constant. 

SUMMARY 

Tilletm tritici and T. leris are heterothallic. Wheat seedlings 
inoculated with individual cultures derived from single primary 
sporidia remained healthy, but when inoculated with paired cultures 
of opposite sex they produced smutted heads. 

The monosporidial cultures or lines belong to a number of sex 
groups. The members of each group are specific in their action, as in 
no instance was a member of one sexually compatible group able to 
cause infection when paired with a member of another such group. 

Wheat seedlings inoculated with a monosporidial culture of T, 
tritici paired with one of T. leris of opposite sex were smutted. 

Monosporidial cultures of three forms of T. tritici and two forms of 
T. levin were found to belong to the same sex group. The spores 
produced hj this species (*.ross were identical in appearance with those 
of T. leris. The epispore w all w as smooth, and the spores wttc some- 
w’hat ellipsoidal and slightly angular in shape. 

Ample opportunity for hybridization occurs in nature. 

By properly pairing the monosporidial cultures it should be possible 
to develop pathogenically pure lines of T. tritki and T. levin. 


ft Oaines, E. F. Op. fit. (St^e footnotes 2.) 



58 


Jcmrnd of Agricvltural Research 



^ LITERATURE CITED 

(1) Bodine, E. W., and Dtjbrell, L. W. 

1930. INOCULATION OP WHEAT SEEDLINGS WITH TILLBTIA LEVIS KOhN. 
Phytopathology 20 : 663-668, illus. 

(2) Christensen, J. J. 

1929. MX7TATION and HYBRIDIZATION IN USIILAOO ZEAE. PART II. HYBRIDI- 
ZATION. Minn. Agr. Expt. Sta. Tech. Bui. 65: 89-108, illus. 

(3) Dastur, j. F. 

1921. CYTOLOGY OP TiLLETiA TRiTici, (BJERK.) wiNT. Ann. Bot. [Lon- 
don] 35: [399J-407, illus. 

(4) Dickinson, S. 

1926. A METHOD OF ISOLATING AND HANDLING INDIVIDUAL SPORES AND 
BACTERIA. Roy. Soc. Med. [London] Proc. 19: 1-4, illus. 


1927. EXPERIMENTS ON THE PHYSIOLOGY AND GENETICS OP THE SMUT 

FUNGI. (Sect. Path.) Roy. Soc. [London], Proc., Ser. B 102: 
174-176. 

(6) Plor, H. H. 

1931. INDICATIONS OP HETEROTHALLI8M IN TILLETIA TRITICI. (Abstract) 
Phytopathology 21: 107. 

(7) Hanna, W. F. 

1928. A SIMPLE APPARATUS FOR ISOLATING SINGLE SPORES. Phytopa- 

thology 18: 1017-1021, illus. 


1929. STUDIES IN THE PHYSIOLOGY AND CYTOLOGY OP USTILAGO ZEAE 

AND SOROSPORIUM REiLiANUM. Phytopathology 19: 415-442, 
illus. 

(9) and Popp, W. 

1931. relationship op the oat SMUTS. (Abstract) Phytopathology 
21: 109. 

(10) Kienholz, j. R., and Heald, F. D. 

1930. CULTURES AND STRAINS OP THE STINKING SMUT OF WHEAT. Phyto- 

pathology 20: 495-512, illus. 

(11) Kniep, H. 

1919. UNTERSUCHUNGEN OBEU den ANTUBRENBRAND (USTILAGO VIO- 
lacea pers.) ein beituao zum bexualitatsproblem. Ztscbr. 
Bot. 11: [257]-284. 

( 12 ) 

1926. Ober artkreuzunqen bei bkandpilzen. Ztschr. Pilzkunde 
5: [2171-247, illus. 

(13) Paravicini, E. 

1917. UNTERSUCHUNGEN tJ’BER DAS VEllHALTEN DEB ZELLKERRE BEI FORT- 
pflanzung der BRANDPiLZE. Anil. Mycol. 15: [57]-96, illus. 

(14) Rawitscher, F. 

1914. ZUR SEXUALITXT der BRANDPILZE: TILLETIA TRITICI. Ber. Dcut. 
Bot. GeseU. 32: 310-314, Ulus. 

(15) Sartoris, G. B. 

1924. studies in the life history and physiology OF CERTAIN smuts. 
Amer. Jour. Bot.‘ 11: 617-647, illus. 

(16) Stakman, E. C. 

1928. RACIAL SPECIALIZAIION IN PLANT DISEASE FUNGI. In LecturCS OR 
Plant Pathology and Physiology in Relation to Man . . . 
Mayo Foundation Lectures 1926-1927, p. 93-150, illus. Phila- 
delphia and London. 

(17) ZiLLIG, H. 

1921. OBER SPBZIALISIEBTE FORMEN BEIM ANTHERENBRAND, USTILAGO 
VIOLACEA <PERS.) FUCK. Centbl. Bakt. [etc.] (II) 53 : 33-74. 



THE VITAMIN A, B, C, AND G CONTENT OP SULTANINA 
(THOMPSON SEEDLESS) AND MALAGA GRAPES AND 
TWO BRANDS OP COMMERCIAL GRAPE JUICE ' 

By Ebtheb Petebbon Daniel, Associate NuUition Chemist, and Hazel £. 

M UNSELL, Senior Nutrition Chemist in Charge, Nutrition Studies Section, 

Bureau oj Home Economics, United States Department oj Agricidture 

INTRODUCTION 

During recent years a large annual surplus of grapes has been pro- 
duced in the United States, and the development of new grape 
products to take care of this increasing supply is at present an im- 
portant phase of the grape industi^. Because of the general interest 
in a fruit so abundantly grown, it seemed desirable to study the 
nutritive value of grapes and grape juices more extensively than had 
previously been done. Raisins have received the attention of sevepl 
invest^ators (3, 12),^ who apparently agree that this product contains 
very little if any vitamin A, a small amount of vitamin B, and no 
vitamin C. However, up to the present time very few data have 
been published on the vitamin content of fresh papes and their 
juices, and because of the value of such information the present experi- 
ments were planned to determine the amount of vitamins in two varie- 
ties of fresh grapes as well as in two brands of commercial grape 
juice. 

Sultanina (Thompson Seedless) and Malaga (Fifis vinifera), 
European varieties, were the grapes selected for study. The Sultanina 
or Thompson Seedless is a raisin grape constituting about 90 per cent 
of the total crop of seedless grapes. In this county it is grown 
principally in California. The Malaga, a table grape, is also used for 
raisins and, together with the muscat, forms the chief source of the 
seed or seeded raisins. 

In addition to the fresh grapes, two brands of commercial grape 
juice were analyzed for their vitamin content. The first, designated as 
commercial juice No. 1, was a mixture of juices approximately one- 
third from the Flame Tokay and two-thirds from the Zinfandel, 
European table and juice grapes, classified as Vitis vinifera. In the 
commercial process tne juices after extraction from the fresh fruit are 
filtered and placed in cold storage until needed. Upon removal from 
cold storage, they are refiltered, sterilized through a machine at a 
temperature not to exceed 155® F., and bottled. The bottles of juice 
are then kept in a water bath held at 150® for 45 minutes.^ Sometimes 
a slig^ht amount of tartaric acid is found necessary to bring the com- 
position of the product to the standard formula used by the company. 
No other ingreaients are added to the juice. 

Commercial juice No. 2 was prepared from Concord grapes {Viiis 
labrusca), an American variety. In preparing this juice the fruit is 
washed, stemmed, and crushed, heated to about 135® F., and the 
juice pressed out. The juice is pasteurized and stored in 5-gallon glass 
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carbo^rs for^several weeks to a few months to permit settling; it is 
then siphoned into bottles and again pasteurized. Sugar is generally 
an added ingredient. 

VITAMIN A 

In the present study the vitamin A content of the grapes and grape 
juices was determined by the Sherman and Munsell method (f^). 
The basal diet was irradiated tt) supply vitamin D. After the custom- 
ary depletion period of from four to five weeks, certain groups of 
rats were fed daily six times per week weighed portions (1, 3, and 5 
gm., respectively) of seeded Malaga grapes. Certain other groups 
received the Sultanina in the same amounts at the same intervals. 
The commercial juices were given in daily doses of 2, 3, and 5 c. c. 
for the same number of days each week. The results are shown in 
Figure 1 and Table 1 . 

Table 1. —Survival oj rata receiving various quantities oj grape juice as the sole 

source oj Hlamin A 



Dally 


Average VelSu® 
weight ofrXlt 
of rats at 

4w«»eks; 

period 

Average 

Test food 

portion, 

6 times 


time of 
fore 


per week 

i 

period 


' C. c. 

Number 

i 

Oramit : Gram9 

Oayit 1 


2 

6 

45. 8 ! 95. 2 

33.6 

Commercial grape Juice No. 1*>. 

3 

5 

8 

8 

45. 9 1 99. 9 

43. 4 ' 95. 0 

33. 9 
33.5 


0 

7 

46. i i 99. 3 

34. 3 


2 

8 

56.0! 108.2 

35.8 

Commercial grape Juice No. 2 j 

3 

6 

8 

8 

52.5 1 J0J.2 
50.2, 98.9 

35. 6 
35.9 

1 

j 

U 

* 

8 

52. 9 ‘ ](K5. 8 

i 

35.8 


Average 
time of 
survival 
after 
fore 


Average 
total time 
of sur- 
vival 
after 4 


()eriod | weeks 


l)nv9 : 
21.7 i 

I 

27.2 t 

m. :i 1 
2:t. 0 I 

19. fl ; 
2 ^ 1.6 
iH.a 


Oayn 
Sfi. 3 
f)7. 1 
<10.7 
04.6 
09.4 

55. 1 
59. 5 

52. 1 


• A mixture of juices, one-thir<l from the Flame Tokay and two-thirds from the Zinfundel, which are 
European table and Juice grHi)e.s classified a.s viniffra, 

> 1 rat lived out the full exiierimental i)eriod. 

• Juice prepared from Concord grapes, V. lahrusca. 


Sherman (12) reported the presence of vitamin A both ki grapes 
and in grape juice, but the variety of grapes was not indicated. He 
stated that an ounce of grapes contained 16 to 22 units of vitamin, 
i. e., 0,57 to 0.7 unit per gram. If a unit of vitamin is present in that 
amount of the test food necessary to produce a gain of 25 gm. in 
eight weeks, then 1.75 to 1.43 gm. of the fruit were necessaiy to pro- 
duce this unit gain. In the present study, in order to obtain a gain 
of 25 gm. in eight weeks, it was necessary to feed approximately 5 gm. 
of grapes in the cases of both Sultanina and Malaga. These results 
indicate that Malaga and Sultanina grapes are less rich in vitamin A 
than the grapes studied by Sherman. Nevertheless, the growth 
response induced by these varieties shows the presence of a small 
but measurable quantity of vitamin A. 

Neither of the commercial juices tested showed any indication of 
the presence of vitamin A. With but one exception the animals, died 
long before the termination of the experiment and showed no better 
growth 'than the negative controls. (Table 1.) Upon autopsy the 
gros$;.aiiatomical changes due to a deficiency of vitamin A were tound 
to Imk all is^yere in the test animals as in the controls. 
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VITAMIN B (ANTINEURITIC) 

Recorded data furnish but scanty information rej^arding the 
vitamin B content either of grapes or of their juices. Osborne and 
Mendel in 1920 { 10 ) reported that when 10 c. c. of commercial grape 
juice was fed daily it was found to contain some'Vater soluble 
l)ut in amounts insuffi- 



cient for the normal 
growth of rats. Sherman 
{ 12 ) reported the occur- 
rence of 7 to 9 units of 
vitamin B per ounce of 
grapes. Both of these 
mvestigatois, however, 
were considering the 
vitamin B complex be- 
fore cognizance had 
been taken of the anti- 
pell agric factor. There 
appeal's to be no recent 
data regarding the vita- 
jnin B content of these 
products. 

The vitamin B (anti- 
neuritic) tests were car- 
ried out according to a 
method worked out in 
this laboratory, similar 
to that outlined by 
Chase {!). Rats, 2*8 
days old, were placed on 
diet 107 G, which fur- 
nished, with the excep- 
tion of the antineuritic 
vitamin,, all factors 
necessary for normal 
growth and apparent 
well-being of the ani- 
mals. This diet had the 
following com ])osi tion : 

Vitamin B-free casein, 

18 per cent; starch, 58 
per cent; yeast (auto- 
claved four hours at 20 
pounds pressure), 10 per 
cent; Osborne and 
Mendel salt mixture, 4 
percent; butterfat, 8 per 
cent; and cod-liver oil, 2 per cent. All of the animals were kept ^ 
this vitamin B-free diet for two weeks, a period of time judged from 
former observations in this laboratorjr to be sufficient to deplete the 
animals of their store of the antmeuritic vitamin. 

At the end of this depletion period the rats were mven weighed or 
measured portions of the material to be tested. Both varieties of 
grapes were readily consumed, but a temporary difficulty was expe- 



FidunK ! Averge gain or loss in weight of groui>s of young rats fed 
Sultanina and Malaga grapes ( Vitia vinifera) as the sole source 
of vitamin A. The broken lines begin at a^int indicating the 
QfTUrrenc^ of the first death in the group. The numerals along 
each curve .show the number of rats surviving at all times during 
the test periotl. The weighed quantity of grapes fed dally si\ 
times a week is indicated at the end of the curves 
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rienoed in getting some of the animals to take the grape juice. The 
Malaga grapes, after the removal of the seedi^ were fea in portions of 
0.5, 1, 2, 3; 5, and 6 gm., respectively, while the Sultamna grapes 
weip j^ven in amounts of 3, 5, and 6 gm. Each of the two samples 
of jmce were fed daily from small glass containers in 2, 3, and 5 c. c. 
portions. The results are summarized in Figures 2 and 3. 




and Sultamna grapes induced approximately the same gain in weight, 

indicating that the max- 
I I I I I imum effect of the 
^MP£S grapes as a source of 

pp ^ vitamin B had been 

reached. A maximum 

/o average gain in weight 

of 17.5 gm. resulted 

^ f feeding both 5 and 

^ 6 gm. of Malagas, while 

s X. 5 gm. of Sultanina pio- 

¥ duced an average gain 

V of 18.8 gm. and 6 gm. 

I \ portions of this same 

g grape gave 2 L6 gm. gain 

^ I m weight. These rates 

^ of growth of the test 

a Si/iJ!>9Af/MP animals indicate that 

S III varieties of 

5 grapes are fair sources 

g ^ ^^SSJKS of vitamin B. 

— Prom Figure 2 it may 

I observed that 

« f* — the growth curves for 

jra^Aw these^ animals show a 

maximum point be- 
^/o tween the sixth and 

^ V seventh week of the test, 

which there is a 

^^cpj^TMOLs lo®® ^ weight to the end 

11 I of the period. It was 

£ 'm ^ ^ difficult to obtain as 

T/AfM /Af good grapes at the end 

Fiovre s.^Aveiage gain or Ion In weight of gronps of young of the season as had 
rate ted Sultwina and Malaga grapee iVUii Pti^/Sra) uTSS j 7?'^*^ >r 

s^ ao^of Tita^B (ratineurltie). The broken lines been fed through the 

major part of th;«xpep. 

ia4waM at the end of the curree ent dtop in Weight in all 

of the animals can not 
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Fiovbe g.^Aveiage gain or loss in weight of gronps of young 
rate ted Sultfuina and Malaga grapes (VUU as the 

sole so™ of Tilamln B (ratlneurltie). The broken lines 
b^ at a p<^t indloatlng the oosurrenoe of the firat death in 
tltea^p. The numerals along each ounrei^ow the number 
ol wje surviving at all times durlnn the test psil^. The 

2Slga2d1HS^"aR85%^ 


raweiy possible that another factor necessaw for nonnal growth was 

^ depletion of the reserve store of 
tgut^tor 4 n the animal body the growth curves began to show a 

eommerdal jnic© No. 1, in 2, 8, liad S c. o. daj^ por^ 
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Figure 3 shows that commercial juice No. 2 contains the antineuritic 
vitamin. The amount is only minimal, however, since a daily portion 
of 5 c. c. of this juice induced a total gain in weight of only 3 to 4 gm. 
during liie entire test period. 

VITAMIN C 

The vitamin C content of grapes and grape juices appears to have 
been more extensively studied than that of any of the other vitamins. 
Chick and Rhodes (£) 
found the juice of grapes 
to be about one-tenth 
as rich in the antiscorbu- 
tic vitamin as oranges. 

Givens and Macy (J) 
found no antiscorbutic 
properti^ in dehydrated 
grape juice which was 14 
to 20 months old at the 
time of testily. Accord- 
ing to Merjanian (d), 
grapes contain vitamin 
C, the amount varying 
with the kind of ^apes 
and their freshness. 

Taking orange juice as 
100 for a standard 
of comparison, Sherman 
{1^ reported that grapes 
and grape juice have 
a potency of 4 to 5. 

The vitamin C tests on 
commercial grape juice 
No. 1 were carried out 
after the*method of 
Sherman, LaMer, and 
Campbell (13), the 90- 
day test period being 
used. The basal diet 
designated as 12 D was 
a modification of that used by Sherman and had the following compo- 
sition: Equal parts mixture of bran and oats, 57 per cent; table salt, 
1 per cent; butterfat, 9 per cent; heated skim-milk powder, 30 per 
cent ; cod-Uver oU, 1 per cent; and yewt, 2 per cent. Six, eight, and ten 
cubic centimeters of the commercial juice No. 1 were fed from a 
graduated pipette to groups of guinea pigs every da,y except Simday 
during the test period. Table 2 shows that the survival period of the 
test aniiTiA.lfl on brand of juice was no longer than that of the 
negative controls and upon autopey they showed just as severe symp- 
toms of scurvy. Such evidence indicates that commercial grape 
juice No. 1 contains no vitamin C. 
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V, iabruM) as the sole source of vitamin B 
“ lii 


Concord L , , 

(antineuritio). The broken lines begin at a point indicating 
the occurrence of the first death in the group. The'numerals 
along each curve show the number of rats surviving at all 
times during the test period. The measured quantity of Juice 
fed daily six times a week is indicated at the end of the curves 
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Table 2. — Survival oj guinea pigs receiving various quantities of commercial 
grape juice No. 1 (juice oj Flame Tokay and Zinjandel grapes^ Vitis vinijera) 
as the sole source oj vitamin C 


Dally dose, 6 times i)er week 

Guinea 
pig No. 

Weight 
at begin- 
ning 

Maxi- 

mum 

weight 

Weight 
at end 

Survival 

Severity of scurvy 
symptoms at autopsy 



Orarru 

Qrams 

Oram 

Daps 



245 F 

338 

371 

202 

35 

Moderate to severe. 

10 c.c 

254 F 

320 

316 

203 

30 

Do. 


268 F 

323 

350 

232 

32 

Do. 


272 F 

827 

386 

216 

29j 

Moderate. 


251 F 

322 

384 

210 

30 

Do. 


252 F 

325 

335 

206 

28 

Severe. 

8C.C 

. 257 F 

323 

363 

105 

32 

Do. 


261 F 

328 

337 

214 

27 

Moderate to severe. 


274 F 

319 

310 

108 

28 

Moderate. 


250 F 

336 

401 

213 

36 

Moderate to severe. 

Cc.c._.. 

263 F 

320 

340 

182 

30 

Mild. 


269 F 

324 

341 

166 

33 

Severe. 


273 F 

310 

310 

242 

10 

Mild. 


162 F 

351 

427 

247 

35 

Moderate to severe. 


262 F 

327 

347 

222 

25 

Severe. 


118 M 

344 

344 

245 

27 

Moderate. 


122 M 

400 

467 

267 i 

35 

Severe. 


152 M 

327 

370 

203 i 

36 

Do. 

0 c.c.*,.. 

153 M 

300 

300 

202 

37 

Do. 


170 M 

402 

450 

285 

37 

Do. 


177 M 

367 

367 

223 i 

24 

Do. 


182 M 

361 

413 

2,54 

35 

Do. 


259 M 

351 

423 

244 ; 

Xi 

Do. 


270 M 

316 

322 

217 

1 

37, 

j Do. 


» The 9 males were controls carried with other exfieriiiients In this laboratory. 


Tests on the commercial juice No. 2 and the fresh grapes were con- 
ducted according to the method of Hojer (7, who determines the 
degree of scurvy by a studjr of the pathological condition of the teeth. 
Attention is focused especially on the microscopical examination of 
a cross section of the root of the incisor tooth of the guinea pig. 
Hojef claims that this method is more sensitive than the one used 
by Shennan. A comparative study of these methods has been made 
by Eddy (4) and Goettsch and Key (6). Following Hojer's technic, 
they found that twic^e the amount of test food is required to afford 
complete protection when the criterion depends on a histop)athological 
examination of the teeth, than is apparently necessary when judgment 
is based on the gross external and internal anatomical changes. 
Hojer has shown that differential changes in tooth structure begin 
to take place between the tenth and fourteenth day of the test and 
are materially sharpened as the experiment continues. 

In the present study an 18-day test period was adopted. During 
this time 10 and 12 c. c. portions of grape juice were fed to guinea pigs 
weighing between 300 and 350 gm. Because earlier evidence nad 
indicated that there was little if any vitamin C present in grape juice 
it was considered unnecessary to feed this test food in snialler quan- 
tities. Twelve cubic centimeters was the maximum daily amount 
which the guinea pigs would take. Seven jfxdmah were used. Seeded 
Mitlaga grapes were given in 2, 5, 10, an^i9 gm. portions to 16 ani- 
mals, while Sultanina grapes in the same quantities were fed to 12. 
On the eighteenth day the animals were killed, the incisor teeth 
i^moved, imd sections prepared. 

' |%ure 4, A, shows the structure of a normal tooth taken from one 
control animals that had i^eived an adequate supply of vitamin 
daily allowance of cabbie. Figmre 4VB, portrays the con- 
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dition of the tooth of one of the negative control animals fed only the 
basal diet with no antiscorbutic vitamin for 18 days. From Figure 
4, A, it may be observed that the normal tooth possesses a wide band 



Fxoubb 4.*~A, Seoilon nf a aonaal inelsor tooth takon firom a golnea pig lOd a diet (wptote in 
nawiMr fttotma; Brieotioii of a tooth from a scorbutic guinea p% that received a vitamin 0 
defloient dl«t% 18 dasre 


of ovenly stainod dentine inmde which is a nanow layer of uncal- 
, cffied pi^entine, and tiii® a rbw of reiy tall parallel columnar 
odpntootasts Biuroundu^ the noimal pulp. An inadequate supjdy 
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of vitamin C causes the layer of dentine to become narrower, the 
predentine1:)ecomes calcified, and the odontoblastic layer of cells loses 
its soldierlike formation, while the cells themselves become shorter 
and gradually work their way into the pulp cavity to function as 
osteoblasts, the bone-forming instead of the dentine-forming cells. 
Consequently the scorbutic condition portrayed in the tooth structure 
in Figure 4, B, can be readily recognized even before the guinea pig 
devefops outward symptoms of scurvy. 

All of the teeth taken from the guinea pigs receiving commercial 
grape juice No. 2 showed marked patholo^cal conditions analogous 



Fiourk 5 . — A, S^on of an incisor tooth taken from a guinea pig receiving 1.1 gm. of Malaga 
grapes as the sole source of vitamin C; B, section of a tooth from a guinea pig receiving Ifi gm. of 
Sultanina graiies as the sole source of vitaiz}]n C 

to those portrayed in figure 4, B. Thus, it is concluded that this 
juice contains no appreciable amount of vitamin C. 

The sections prraared from the teeth of animals fed 2-gm. and 
5-gm. supplemental portions of either Mal^a or Sultanina grapes 
showed mat neither variety in these quantities prevented the occur- 
rence of severe pathological changes in the tMth. While there was a 

a ht protection in teeth of guinea pigs fed 10 gm. of grapes, 
this quantity funded far tod little vitamih C to give a normal 
tooth structure, figure 6, A and B, remesehtative of the teeth of 
those animals receiving 15 ^. daily of hiaiagd ahd Sidtanina grapes, 
respectively, shoira that even this quantity of the fruit was insufficient 
to affoid border-line proteotiidn; 'Of the two varieties of fresh grapes 
studied, Sultanina contained the greats- amount of vitamin C (fig. 
16 gm. of this fruit offered i^pidiumately the same protection 
of orar^ <B%. 0.) 
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VITAMIN G (B*) 

No report of any kind has been found that gives the vitamin G 
content of grapes or grape juice. 



Fiqvbs 6.— Seetloi^ at an indaor tooth tafcan from a guinea pig receiving 2 c. c. of fresh 
orange Jufoe daily as the sole source of vitamin C 


A method for the determination of vitamin G was worked out in 
this laboratory^ and is similar in some respects to that used hj Sandels 
(It). For a period of two weeks, 28-aay-did rats were riven the 
basal diet alone in order to deplete them of any vitamin G that might 
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be stored in their bodies. Vitamin B was supplied in the form of an 
80 per cent by weight alcoholic extract of white corn which up to 
the present time has been found in this laboratory to be the most 
satisfactory source of vitamin B free from grossly interfering amounts 
of vitamin G. The basal diet consisted of the following ingredients: 
Purified casein, 18 per cent; Osborne and Mendel salts, 4 per cent; 
butterfat, 8 per cent; cod-liver oil, 2 per cent; starch, 68— X per 
-N ~ cent;® and com extriwt, 

I Ju/e£ ka/ X per cent. Sultanina 

5 grapes were fed to the 

f different groups of ani- 

I mals in 0.5, 1,2, 3, and 5 

g -/<7 gnx, daily poitions six 

^ times per week; the 

^ Malagas were given in 

I caAM££C4£/, ££££!£ u£/c£ /^a£ maimer in 2, 

^ ^ 4, and 6 gm. amounts, 

^ J 55® while each grape juice 

I I I I I I I I I was fed in 2, 3, and 5 
^ c. c. allotments. The 

I experiment covered a 

$ P^nod of 10 weeks, but 

^ significant changes 

j occurred during the 

^ o ninth and tenth weeks, 

^ and therefore only 8 

^ weeks of the test are 

I ££Jj^£S portrsyed in the curves 

5 ,0 — showing the rate of 

SK growth of the animals. 

i (Fig. 7.) 

I fhe animals that 

_y l I I I I I I I I received an insufficient 

amount of vitamin G 

F.o™. 7.-Av«a*. ^nTL'Z wW poup,.£ y.UBg ^t shOWed WOOlUneSS of 

ratsfod Sultanina and Malaga grapes M/era) and two lUr and then a thinning 

nrands ol commercial grape Juice (No. 1 from Flame Tokay xi_^ Koir Aarko/iiolW 

and Zinfandd grapes, V. ^nijera; No. 2 from Concord grapes, 01 tue nair, especially 

V. labfVMa) as the sole source of vitamin O (Bi). The quan- on the Sides of the head . 

tity of grapes in grams and the cubic centimeters of juice fed * I ^ 1 

daily wi times per week is indicated at the end of each re- AbOUt the Sixth WOCk Of 

spective curve. The numerals in parentheses Indicate the ^ x Kr/»wniah-TVMl 

number of animals subjected to each resistive test "“0 test) a orownisn-rea 

discharge appeared 
caked along the inner sides of the forelegs and paws, and considerable 
of this material appeared on the nose and whiskers of the animals. 
Although it strongly resembled blood, there was no s^ of broken 
skin or bleeding on the legs directly under the deposit, and it was 
not possible to obtain a positive blood reaction when the benzidine 
test was us^. Upon autopsy^ the contente of the stomach and in- 
testines appeared verv sixmlar to this discharpd material. Very 
often lesions appeared on the side of the head out from the eyes 
and the comers of the mouth. The animals seemed very nervous 
aiq^ spent considerable time rubbing their heads. Priapism was very 
em»ziieD$!^ found. 


the amount of extract, «vg|)or»feiS ooraatareh, obtained through the extraetton of fiO 








^£/tMSC/£) 

^9.S 9mAM(4/ 


O /P £0 £0 £0 

T/M£ /V 

FioURE 7.— Average gain or loss in weight of 


roups of young 


rats fed Sultanina and Malaga grapes {VitU mnifera) and two 
orands of commercial grape juice (No. 1 from Flame Tojcay 
and Zinfandd grapes, V. mnifera; No. 2 from Concmrd grapes, 
V. labfVMa) as the sole source of vitamin O (Bs). The quan- 
tity of grapes in grams and the cubic centimeters of juice fed 
daily nx times per week is indicated at the end of each re- 
spective curve. The numerals in parentheses indicate the 
number of animals subjected Co each resi)ectiye test 
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Sultanina grapes in 5-gin. daily portions induced an aver|ige gain of 
13.7 ^m. for the entire eight weeks and therefore contain a small but 
significant amount of vitamin G. The animals receiving the Malagas 
did not make sufficient growth, as shown in Figure 7, to indicate the 
presence of any of this vitamin. From the same figure it may be 
seen that neither juice contains any Adtamin G. 

SUMMARY 

Fresh Sultanina (Thompson Seedless) and Malaga grapes (VUis 
uinifera) and two brands of commercial grape juice (No. 1, a mixture 
of juices from Flame Tokay and Zinfanael varieties, V, vinifera, and 
No. 2, the juice from Concord grapes, F. lahrusca) were tested for 
their vitamm A, B (Bj), C, and G (B 2 ) content. The results showed 
that: 

Both varieties of grapes contained a small but measurable amount 
of vitamin A. There was no evidence of this vitamin in either juice. 

Vitamin B (antineuritic) was present in fair amounts in both kinds 
of fresh grapes tested and in small quantity in the commercial juice 
designated as No. 2. Commercial juice No. 1 did not contain vitamin 
B in a measurable quantity. 

Fifteen grams of fresh grapes fed daily were found to contain 
insufficient amounts of vitamin C to protect guinea pigs fi*om scurvy 
as determined by the Hojer method. This quantity of Sultanina 
grapes furnished approximately the same protection as 2 c. c. of orange 
juice and contained more of the antiscorbutic vitamin than the Malaga 
grajies. There was no indication of vitamin C, as determined by the 
Sherman method, in commercial juice No. 1. Tests made by the 
Hojer method indicated the absence of antiscorbutic vitamin in 
commercial juice No. 2, 

Sultanina grapes appeared to contain a minimal amount of vitamin 
G, while Malaga grapes and both juices were lacking in this vitamin. 
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FACTORS INFLUENCING THE CHANGES IN OXIDATION- 
REDUCTION POTENTIAL ON THE REDUCTION OF 
METHYLENE BLUE IN MILK' 

By A. C. Fay, Dairy Baderiologiatt and Glenn A. Aikins, Research Fellow, 
Kamae Agricultural Experiment Station 

INTRODUCTION 

The methylene blue reduction test as it is used to-dav is one of the 
most practical tests for determining the quality of milk. Although 
the early conceptions of biological reduction processes have been 
completely reorganized, the selection of the dye and the concentration 
employed" have not been changed bv a more fundamental under- 
standing of the factors involved, 'the newer conception of the 
methylene blue reduction test is the result of studies of reducing 
intensities of biological systems. For the most part, these studies 
have been of a more fundamental and theoretical nature, with less 
emphasis upon their practical application to the reductase test. 

In this paper an attempt is maae to correlate the facto 1*8 influencing 
the changes in oxidation-reduction potential with the reduction of 
methylene blue in milk, 

LITERATURE REVIEW 

Fred {15y presented an excellent historical review^ of the early 
literature pertaining to dye reduction by microorganisms. As a result 
of his own researches, Fred firmly established the dependence of 
reduction time of methvlene blue in milk on the quantitative and 
q^ualitativc aspects of tfie original bacterial flora. The probability 
that the reduction of methylene blue might be due to some constituent 
of the milk was suggested by Barthel (i) and Hastings {18), 

The first evidence that the reducing intensity of bacterial cultures 
might be measurable in terms of electrode potential was presented by 
Gillespie {16). In measuring the reduction potentials of bacterial 
suspensions and of water-logged soils, he observed a trend toward 
more negative reducing intensities. 

Clark {5) measured the equilibrium potentials of the systems 
methylene blue — ^methylene white and indigo-indigo white. As a 
result of the^e studies, be established quantitative values for the 
different reducing intensities indicated by these systems. 

Following a study of the significance of anaerobiosis, Hall {17) 
states that adsorption plays an important r61e in the decolorization 
of dyes by porous substances such as animal and plant tissues. 

1 Received for publication July 13. 1931; Issued February, 1932. Contribution No. 133, Department of 
B^rfology, Kansas Agricultural Ex^meut Station. 

* Reference is made by number (its^c) to Literature Cited, p. 82. 
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Hastings, Davenport, and Wright (19) conclude that the reduction 
of methylene blue is very intimately connected with the vital pro- 
cesses of the cell rather than with any extracellular by-products. 

By microinjection of several reversible oxidation-reduction indi- 
cators into Amoeba proteus and A. dubia, Needham and Needham (22) 
and Cohen, Chambers, and Reznikoff (8) found that these protozoa 
maintain a fairly constant reduction potential. 

In 1920 Clark (5) presented a comprehensive basis for interpreting, 
in terms of electrode potential, the results given by biological reduc- 
tion of reversible oxidation-reduction svstems. Clark and his asso- 
ciates (6) made a quantitative study of the potential of a large number 
of the oxidation-reduction indicators, including methylene blue, and 
determined the relative position of these indicators on the potential 
scale. They presented the time : potential curves of samples of 
inoculated, bottled, and fresh milk. 

By measuring the potentials of cells, extracts, and cultures, Cannan, 
Cohen, and Clark (3) showed a general correlation between the reduc- 
tion potential of a cell suspension, the cellular reduction of a dye, and 
the reduction potential of the same dye as determined in pure solu- 
tion. They showed also that different species of bacteria attain 
different levels of reducing intensity and follow different coiimes. 

Coulter (9) observed the parallehsm between the reducing intensi- 
ties induced hy bacterial respiration and those attained by the removal 
of oxygen from sterile bouillon. He concluded that the development 
of the characteristic negative limits of intensity in bacterial cultures 
can not be attributed entirely to reductive processes directly depend- 
ent upon the action of living cells. 

Cohen (7, p. 16-17) states: 

Bacterial cultures in brot^i and synthetic media develop progressively increasing 
reducing intensities which have been followed electrometrically. Oxidation- 
reduction indicators, within the limits imposed by chemical reactivity and narrow 
useful range confirm the time : potential curves.* The levels of reduction poten- 
tials attained by cultures of different bacteria are more or less different and 
characteristic. 

Sterile broth when protected from the atmosphere by a vaseline 
seal is capable of reducing a number of dyes, including methylene 
blue, as demonstrated by Dubos (10), 

Thornton and Hastings (24) observed a very close similarity be- 
tween the potential : time curves of milk with and without methylene 
blue. Although the potentials of the zone of visible reduction of 
methylene blue in milk were found to be variable, they were always 
more positive than the theoretical zone in pure solutions of this dye 
at the same pH value. These authors were able to decolorize the dye 
in milk by deaeration and to restore th^ blue color by aeration. 
They state (25) that their work tends to confirm Barthel's (2) theory 
of methylene blue reduction in milk. 

It was shown by Rides (11) that the period required for the germi- 
nation of spores of BacUlus tetani depends mainly on the time required* 
for the medium to reach a suitable reducing mtensity. The same 
writer (f;8) reported that the subcutaneous tSsues of a living guinea 
piginaintW an Ek on the positive side of reduced methylene blue, 
and. tiiat the becomes more negative at the death of the animal. 

flhd Mariin (21) report^ that cooked-meat media wW 
to air was reduced by cultures of two fierobes and five 
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erobes. Hewitt (flO) measured the potentials of three cultures in 
several kinds of medium, and found that Corynehacterium diphtherias 
and Staphylococcus aureus were usually able to attain more negative 
reducing intensities than a hemolytic streptococcus. 

METHODS 

Burnished platinum foil electrodes were chosen after an extensive 
comparison of results obtained in parallel tests with gold foil, gold 
wire, platinum wire, and gold-plated platinum electrodes. Electrodes 
1 cm. square were submereed to a depth of about 2 inches in approxi- 
mately 50 c. c. samples. By means of suitable switches leads from six 
electrodes were connected to a Leeds and Northrup type K poten- 
tiometer. A saturated KCl calomel half pell was used as the reference 
electrode. Connections were made from the reference electrode to the 



Figure 1.— Potential : time curves of a sample of market milk with and without the addition of 

mcthyleno blue 


samples under measurement by means of a saturated KOI liuqid 
junction and saturated KCl agar bridges. Samples were incubated 
in a water bath maintained at 37° ± 1° C. Potential readings taken 
at suitable intervals were reduced to the hydrogen standard (E*) 
and plotted as the ordinate against time as the abscissa. 

EXPERIMENTAL DATA 

effect of the presence of methylene blue in milk on the form of the 

POTENTIAL : TIME CURVES 

A sample of market milk was divided into three parts, to two of 
which was added the standard amount of methylene blue ordinarily 
employed in the reductase test (1 : 200,000). The oxidation-reduction 
potentials of these three identical samples were followed through the 
entire course of the reduction process. The marked similarity of the 
potential: time curves (fig. 1) of the samples with and without methy- 
lene blue suggests that this concentration of dye has no marked effect 
upon the trend of the potential drift. 
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The effect of inco^orating oxygen by shaking is illustrated in 
Figure 1 by the solid line, The blue color had completely disappeared 
at point a, and at point 6 the sample was shaken vigorously for 30 
seconds. The return of the potential to approximately the original 
positive values was accompanied by a return of the blue color. The 
color had again disappeared at point c. The second drop in potential 
in this sample was not so rapia as that occurring in the other two 
samples, probably because of the deterring effect of the incorporated 
oxygen on potential drift. Attention is called to the marked similarity 
of the curves in Figure 1 with those published by Thornton and 
Hastings {24) illustrating a similar experiment. The form of the 
potential : time curves, the zones of decolorization, the effect of 
mcorporated oxygen, and the negative limits attained are almost 
identical with the results obtained by Thorton and Hastings. 

In further studies, air was bubbled into a sample of milk plus 
methylene blue after the potential had reached the negative En limit 
of —0.2 volt. The potential returned almost to the positive extreme, 
but the blue color did not return. The potential was observed 30 
minutes after the positive extreme had been reached and was found to 
be falling rapidly to the negative side. 

EFFECT OF THE BACTERIAL FLORA IN MILK ON THE FORM OF THE 
POTENTIAL TIME : CURVES 

Clark and his associates {6) and Frazier and Whittier (15, 14) 
reported that various species of bacteria run characteristic courses 
and attain different levels of reducing intensity, thus giving rise to 
various though characteristic forms of potential: time curves. The 
results of these investigators suggest a plausible explanation for 
some of the difficulties .commonly encountered in the practical appli- 
cation of the methylene blue reduction test. Frequently, the time 
elapsing between the first evidence of diminution of color and complete 
decolorization of the dye is so piolonged as to render the end point 
veiy indistinct. It is not uncommon to find samples of milk in w^hich 
30 to 60 minutes elapse between the beginning and the enAof visible 
reduction of methylene blue. Apparently this is due to the type or 
types of organisms which dominate the flora of the milk. 

In order to determine whether the variations reported in the 
literature on pure culture studies could be reproduced with the mixed 
flora of market inilk, the oxidation-reduction potentials of samples 
, incubated at various temperatures were noted. It was commonly 
observed that most fresh milk gave a potential : time curve which 
fell rapidly through the zone of reduction of methylene blue in less 
than five minutes, whereas for the same milk after 48 hours at 3® 
to 5® C. the time elapsing between the beginning and the end of 
visible reduction frequent exceeded 30 minutes. Although the 
trend of the curves obtained from samples incubated at nigher 
temperatures were quite variable, the results emphasize the si^iiff- 
Oance of the dominating organisms in the flora as a factor whidi may 
be responsible for the slow reduction of the dye in some samples of 
mflk. Plotting the {potential drift of a laige number of samples of 
nA has shown considerable variation in the form of these curves. 
7%q;^urye for a sample of fresh milk is characterized by a rapid fall 
the positive to the native extremes. If a sample of milk 
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giving rise to this form of curve contains the standard* amount of 
methylene blue, the interval between the beginning and the end of 
visible reduction will be short, usually less than five minutes. It was 
commonly observed that the bacterial flora of milk held 48 hours at 
3® to 5® C. gave a potential : time curve which fell slowly to the nega- 
tive extreme. This was accompanied by a slow decolorization of the 
methylene blue, frequently observed to extend over a period of 30 
minutes. It is evident that a rapidly falling potential will pass through 
the zone of visible reduction in less time than one that falls slowly, 
thus explaining the variations in time required for decolorization of 
the dye in different samples of milk. 

EFFECT OF FAT ON THE ZONE OF REDUCTION OF METHYLENE BLUE 

It was noted that vrhen the standard amount of methylene blue 
was added to skim milk the dye decolorized between the Ef, values of 
zero and +0.05 volt. The ]>otentials of this zone are approximately 
O.l volt more negative than the zone of decolorization of the same 
amount of methylene blue when added to whole milk. It was also 
observed that the same amount of methylene blue, when added to 
cream, decolorized between the En limits of +0.3 and +0.*2 volt. 
The potential of this zone is approximately 0.1 volt more positive 
than that observed for whole milk. 

To determine more definitely the potential of the zone of reduction 
of methylene blue in milk of various percentages of fat, sterile 40 
per cent cream and sterile skim milk were mixed in suitable propor- 
tions to obtain six solutions containing 40, 30, 20, 10, 5, and 0 per 
cent of fat. The solutions were inoculated equally with a 24-hour 
culture of Streptococeva lactis, and the standard amount of methylene 
blue w’as added to each. The oxidation-reduction potentials w’ere 
followed, and the potential : time curves of the six solutions are 
presented in Figure 2. The potentials of the zone of reduction of the 
methvlene blue are indicated bv triangles at the right of the respective 
graphs. 

The potentials of the zone of reduction of methylene blue in skim 
milk are more negative than those observed in the case of cream. 
Methylene blue was reduced in skim milk betwreen the Eh values of 
+ 0.092 and +0.050, and in cream between the values of +0.275 
and +0.245. The zones of reduction in the other samples, without 
exception, became more positive as the percentage of fat was increased. 
The potentials of the zone of reduction of methylene blue in skim 
milk approximate more closely the theoretical zone for this dye in 
aqueous solution as reported by Clark and his associates (6), 

The potentials of more than 25 samples of skim milk have been 
measured, and in no case has the methylene blue been observed to 
be reduced at a potential more positive than +0.1 volt. The zone 
of reduction of methylene blue in 50 samples of 40 per cent cream 
was never observed to be more negative than + 0.225 nor more positive 
than +0.3 volt. It may be noted that the form of the potential: 
time curves is not aSectra by varying the percentage of fat. 

Other factors being equal, it would require a somewhat longer time 
to reduce methylene blue in sldm milk than in 40 per cent cream 
with the same original bacterial content. In the case of skim milk 
the oxidation-reduction potentW must be carried to the negative 
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limits of approximately + 0.05 volt, whereas in the case of 40 per cent 
cream visible reduction is usually complete at an Eh of +0.25 volt. 

The exact manner in which fat alters the zone of reduction is not 
known. Studies of oxidation-reduction phenomena have been lim- 
ited largely to simple equilibria in aqueous solutions. Many of the 
fundamental aspects of the simplest systems are yet to be understood. 
The present status of our knowledge of these simple equilibria cer- 
tainly does not encourage speculations with respect to complex 
^sterns of unknown composition, as is the case with biological fluids. 
The more positive zone of reduction of methylene blue in cream than 
in skim milk may involve some unknown factors in oxidation-reduc- 
tion equilibria. The work of Hall (17) suggests the possibility that 
adsorption of the dye may play a r61e in this connection. 





Figurk 2. —Relation between the percentage of fat in milk and the zone of reduction of methylene 
blue: A, Skim milk; B, 5 per cent fat; C. lOpcr cent fat; P. 20 per cent fat; £, 30 per cent fat; F, 40 
per cent fat. Potentials of the methylene blue zone of reduction are indicated by black triangle ii 

Cursory experiments indicate that approximately four times as 
much methylene blue must be added to 40 per cent cream to ^ve 
the first perceptible tii^e of blue as is requirea for skim milk. Con- 
versely, in the decolorization of the dye, the point at which color is 
no longer discernible will be reached sooner m cream than in skim 
milk. The addition of the standard amount of methylene blue 
imparts a distinct blue color to skim milk, but only a very faint blue 
tinge to 40 per cent cream. The loss of only a slight amount of the 
blue dye by reduction in cream results in a disappearance of color. 
Obviously, this point of visible reduction will be reached very soon 
after flie potential begins its swing toward more negative values. 
Inj li|^ case of skim muk the blue color persists until more negative 
p^fliii^^ have left only a relatively smell percentage of the aye in 
^l^;d^ized or blue fotm. Although this is not offered as a complete 
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explanation of the more positive zone of reduction of me|»hylene blue 
in cream, the quantity of dye necessary for colorization or decolori- 
zation must be taken into consideration. 

If the detection of color is dependent on a requisite minimum num- 
ber of molecules of the oxidized form of the dye, one would expect the 
addition of larger amounts of methylene blue to lower the zone for 
cream to the approximate values observed for skim milk. The 
results of experiments in which various amounts of dye were added 
are presentee in Figure 3. 

EFFECT OF THE CONCENTRATION OP DYE ON OXIDATION-REDUCTION POTENTIALS 
Zone of Visible Reduction 

The zone of reduction of cream and .skim milk may be moved up 
and down the potential : time curve at will by the addition of various 
quantities of dye. In Figure 3, curves A, B, C, and D are represent- 
ative of many experiments made to determine this point. 



Curves A and B show the zone of reduction of methylene blue in 
skim milk and cream, respectively, when the standard amount of 
dye (1:200,000) is added. 

By adding omy 1 part of dye to 16,000,000 parts of skim milk the 
zone was changed to^approxima^ that of cream (B). Similarly, D 
shows that the addition of 1 part of dye to 10,000 parts of cream 
caused the zone of reduction to approximate the ^ limits which 
apply to stdm miiy v/b&a the standara amount of dye is added. 
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Reduction Time 

In recent years there has been some controversy in regard to the 
effect of various concentrations of dye on the reduction time of milk. 
Three portions of a sample of milk containing the following concen- 
trations of methylene olue were studied potentiometrically, (A) 
1:400,000, (B) 1:200,000, and (C) 1:100,000. The potential: time 
curves of these three samples and the zones of reduction are shown in 
Figure 4. The three curves are so similar in form that they wotild 
almost superimpose if plotted upon the seme ordinates. The zones 
of potential within which the methylene blue is reduced are shown by 
means of triangles. The position of these zones varies with the 
concentration of dye. In curve B, representing the sample contain- 
ing the normal concentration of dye, decolorization took place in the 
zone between -f 0.225 and H- 0.165 volt, and was complete after 75 
minutes of incubation. Curve A represents the sample containing 



FruuRK 4.--GfTect of varying the concentration of methyJenc blue In milk upon the mduotion 
time: A, 1:400. 000 of methylene blue; B, 1:200,000 of methylene blue; (\ 1: 100,000 of methylene 
blue. Potential of the methylene blue xone of reduction arc indiosted by black triangles 


one-half the normal amount of dye (1 : 400,000). The zone of decolor- 
ization was 0.075 volt more ^sitive than when the usual concentra- 
.tion of dye was used (curve B). Coincident with the more positive 
zone, the reduction time w^as shortened from 75 to 55 minutes. Curve 
C shows the effect of adding twice the usual concentration of dye 
(1:100,000). The zone of decolorization of methylene blue in this 
sample was 0.09 volt more negative than in the sample containing 
the usual concentration of dye. The time required for the reduction 
of the dye was increased to 85 minutes as compared with 75 minutes 
for sam;ple B: 

The significant aspect of these tl^e potential : time curves is the 
potential of the zone of decolorization of the various concentrations 
of methylene , blue. If it be assumed that the color disappears when 
l^Sf an arhitiary minimum numbei* of molecules of the blue dye 

of the ^ect of the various amounts of 
timple. If taote than the normal 
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amounts of dye are present, more negative potentials must be reached 
before decolorization is effected, and hence a longer time % required. 
Similarly, less time would be required to attain the slight^ negative 
potential necessary to effect decolomation of sample A. (Mg. 4.) In 
other words, the more dye there is present the longer is the time 
required to reach a potential sufficiently negative to diminish the 
quantity of the dye in the oxidized form below the amount requisite 
for coloring. 

In the concentrations employed (fig. 4) the dye does not affect the 
course of potential change, as is evidenced by the similarity of the 
three curves. 

Form of Potential : Time Curve 

The studies in the preceding experiments on the relationship of the 
concentration of dye to other factors were confined, for the most 
part, to higher dilutions of methylene blue. In the following experi- 



Fioi;kk .*). — Eflfoct of varyinK the conoentratiou of methylene blue in 20 per cent cream upon the 
reduction time of methylene blue 


ment the effect of more concentrated solutions of dye has been studied. 
The curves in Figure 5 show the potential drift of four portions of a 
sample of 20 per cent cream containing the following concentrations 
of methylene blue: (1) No methylene blue; (2) 1:200,000; (3) 
1:10,000; and (4) 1:5,000. The zones of potential within which the 
methylene blue reduced are indicated by the letters b (began) and 
c (completed). The curves of samples 1 and 2 are similar to those in 
Figure 4 and show that the addition of the normal amount of meth- 
ylene blue does not alter tibe form of the potential: time curve. The 
zone of reduction of the dye in sample 2 was between the Eh values of 
+0.24 and +0.20 volt. The potentials of this zone are similp to 
those previously observed (fig. 4) for 20 per cent cream containing 
the standard amount of dye. 
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The potential curves of samples 3 and 4 illustrate clearly the elfect 
of adding excessive amounts of methjrlene blue. There are several 
significant aspects of these curves which not only show the eflFect of 
the addition of excessive amounts of dye, but possibly throw some 
light on the mechanism of dye reduction in milk. 

In the first place, all four samples began their swi^ toward the 
negative potentials simultaneously. Whether the initial fall in 
potential is directly or indirectly the result of bacterial activity, these 
results indicate qmte clearly that at least the highest concentration of 
dye employed (1 : 5,000) did not exert any antiseptic action. 

The plateaus observed in curves 3 and 4, especially when contrasted 
with the total absence of a plateau in curve 2, emphasize the fact 
that the poising effect of the dye is directly dependent upon the 
amoimt of dye added. Clark (^, p. 10) defines poising as follows: 

A solution may be said to be poised when it tends to resist a change 
in En on addition of an oxidizii^ or reducing agent.’’ 

As the potentials of the four samples of milk began their initial 
swing (point a) toward negative values, they followed the same 
general course until well within the zone of reduction of methylene 
blue. The potential drift was not impaired in sample 1 without dye, 
or in sample 2 in which the standard concentration of 1 : 200,000 
was employed. In samples 3 and 4, however, the large amounts of 
methylene blue added exerted a poising effect which was directly 
related to the quantity of dye added. 

Since the usual concentration of dye employed in the reductase 
test does not materially affect the oxidation-reduction system, the 
methylene blue simply serves as a visible indicator that this swing 
towam more negative potentials has taken place. As the visible 
reduction occurs shortly after the swing toward more negative 
potentials begins, the loss of color of the dye indicates that the 
bacterial activity has overcome the poising action of the oxidation- 
reduction system or systems of the milk, (roint a has been reached.) 

The time required lor visible reduction became progressively greater 
as the concentration of dye was increased. For the samples reported 
in Figure 5 the dye concentrations and the reduction times were as 
follows: 

(2) 1 : 200,000 — 128 minutes. 

(3) 1 : 10,000*~'250 minutes. 

(4) 1:5,000 — 335 minutes. 

The reduction of dye in samples 3 and 4 was not completed until after 
the second drop in the potential had started. The data in Figiure 5 
further substantiate the observations made m connection with Figure 
3, viz, that the amount of dye employed affects the zone of reduction. 

BFPBCT OF TH£ OONOKNTRATION OF SUGAR OK OXIDATION-BXDUCTXOK 
POTBKTXAUS XN CRBAM 

There^ is a demand at the present time for a practical test to 
deteiMhe the sanitaiy quality of dairy products such as ice cream 
and ice-(uream mixes. Early in the course of these meriments, 
attexnpts to follow the course of the potential drift of ice cream 
ji^OWM that the curve t^ded to pass slowly toward negative values, 
'^^ha^vibible r^uction of the dye was correspondingly ddayed over an 
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extended period. Attempts to determine the cause of th^ peculiar 
nature of the curve led to a series of emeriments to demonstrate the 
effect of sugar on the potential drift. Figure 6 shows the results of a 
typical experiment. 

Sterile cream, skim milk, and a cane-sugar solution were combined 
in suitable proportions to give various concentrations of sugar (0, 10, 
20, and 25 per cent) and a constant fat content of 20 per cent. Each 
sample was inoculated with a 24-hour culture of Streptococcus lactis 
and the standard amount of dye was added. The form of the poten- 
tial : time curves was markedly altered by increasing the percentage of 
sugar. Increasing the amount of sugar delayed the potential trend 
to more negative values, which in turn lengthened the reduction 
time. Although equal amounts of inoculum were added to each sam- 
ple, obviously the number of bacteria added could not be accurately 



controlled. Nevertheless, the time required for reduction was in- 
creased directly with larger amounts of sugar. The reduction times 
for the samples in the order of increasing amounts of sugar were 155, 
185, 205, and 248 minutes, respectively. The differences in the form 
of the potential: time curves may have been due to a change in the 
metabolic activities of the cells, although evidence to support this 
suggestion is not available. It has been shown by Hewitt (20) that 
changes in the medium affect the reduction intensities attained by 
bacterial cultures. It is of interest to note the extreme negative 
levels (—0.3 and -0.35 volt) attained by these cultures. Clark and 
his associates (6), lagers and Whittier {28)^ and also Frazier and 
Whittier {iS) nave shown that cultures of 8. lactis in milk usually 
reach a negative limit of approximately —0.2 volt. 

90476—32 6 
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, SUMMARY 

The potential : time curves of milk with and without methylene blue 
remained in close agreement during the entire rednction process. The 
blue color and initial potentials of reduced samples could be restored 
by vigorous shaking or aspirating with air. Either of the above treat- 
ments also restored the initial potentials of samples without dye. 

The bacterial flora of a sample of market milk influences the form 
of the potential : time curve. 

The position of the zone of visible reduction was caused to vary by 
altering either the fat content of the sample or the concentration of 
the dye added. The zone of reduction became more positive with an 
increase in the percentage of fat and more negative with an increase 
in the concentration of dye. 

The time required for visible reduction increased as the zone of 
reduction became more negative. 

When excessive amounts of dye (1:10,000) were added, the poten- 
tial of the solution did not pass smoothly to more negative limits, but 
was deterred as it approached the zone of reduction characteristic of 
this indicator. 

The addition of cane sugar to cream not only delayed the potential 
drift and reduction time of the dye, but affected the form of the 
potential: time curve as well. 
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EFFECT OF LIGHT ON THE REDUCTION OF METHY- 
LENE BLUE IN MILK* 

By Glenn A. Aikinb, Research Fellow, and A. C. Fay, Dairy Bacteriologist, 
Kansas Agricultural Exj)eriment Station 

INTRODUCTION 

In a previous paper (2) ^ it has been shown that methylene blue in 
milk changes to methylene white when a certain specific zone of 
potential is reached. In the concentrations employed in the reductase 
test the dye apparently exerts no effect on the potential drift, and 
therefore serves merely as a visible indicator that a definite reducing 
intensity has been attained. 

For a number of jears it has been known that a medium such as 
milk or broth contaming methylene blue loses its color when exposed 
to sunlight. It has not been detemfined, however, whether simlight 
merely bleaches the dye directly o]t c$^^ses a change in the reducing 
intensity of the substrate compa?^lc^|to that induced by bacteria. 
The pur]3ose of studying the e|Tect li^t on the reduction of methy- 
lene blue was to establish more firnd^ the correlation between reducing 
intensities and dye reduction, and* thereby afford a more intelligent 
approach to the fundamental mechanism of such reactions. 

LITERATURE REVIEW 

Gebhard (o), and Lasareff (8) have shown that the bleaching effect 
of li^ht on methylene blue is most intense in the absence of oxygen 
provided the available light consisted of waves shorter than 620 /*; 
the color returned in the dark in the presence of oxvgen. 

In connection with his studies on anaerobiosis, llall (7) observed 
that light induced the docolorization of methylene blue when added 
to broth cultures. 

Whitehead (11) summarizes his work on methylene blue reduction 
in sunlight as follows: 

1. Methylene blue added to fresh milk of good quality is reduced in a short 

time in the presence of sunlight at 37®. ♦ ♦ 

2. The reduction in sunlight is not due to an enzyme ♦ * 

3. Milk from which the fat has been removed by centrifugal separation no 
longer gives the reaction, but the activity of the milk can be restored by an 
addition of sodium oleate. Sodium palmitate has not a similar action. 

4. It is suggested that sunlight catalyses an oxidation-reduction reaction in 
which unsaturated fats are oxidised and 'methylene blue is reduced. 

In a discussion of the theoretical aspects of oxidation and reduction 
of colored compounds Michaelis {9,p. 69) suggests that they may all 
have loose electrons which render them pecmiarly adapted to oxida- 
tion-reduction ^sterns in the presence oi suitable electron acceptors. 
The decolorized dye likewise may acquire electrons from still more 
powerful reductants. These properties not only facilitate their r61e 
in reversible oxidation-reduction systems, but may explain the fre- 
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quently ol>served catalytic action of such compounds in oxidations. 
Michaelis further suggests that although these theories are not well 
established they may account for the effect of radiant energy on the 
instability of electrons. 

METHODS 

In order to correlate the reduction of methylene blue in milk by 
Ught and the changes in reducing intensity, samples of milk wore 
subdivided so as to give replicates with and without dye, exposed, and 
unexposed to light. The potential drifts in the various samples were 
followed by means of the apparatus described in a previous paper {2), 
In order to afford a proper exposure to the sun^s rays test tubes con- 
taining the samples were submerged to a depth of about 1 inch in a 
water bath maintained at a suitable temperature. Because of the 
prevailing low outdoor temperature during most of the experiments 
it was not feasible to place the water bath in an open window, and 



Fioube 1.— Effect of sunlight on the potential : time cur%a*s and reduction time of market milk 
with and without the addition of methylene blue; complete reduction took place at points a 
and b 


therefore the sunlight filtered through a window pane in addition to 
the walls of the test tube. It may be assumed that the effective light 
did not contain rays shorter than approximately 340 /*; the value 
usually given for the transmissibility 01 ordinary glass. 

EXPERIMENTAL DATA 

EFFECT OF SUNLIGHT ON THE OXIDATION-REDUCTION POTENTIAL OP MARKET 
MILK. CREAM. SKIM MILK. AND SKIM MILK PLUS SODIUM OLEATE AND SODIUM 
STEARATE 

It was consistently observed that in the tubes exposed to sunlight 
the dye was reduc^ within 15 to 90 minutes, the length ojp time 
depending upon the intens[ity of the sunlight. It was also generally 
observed that increasing the percentage of fat shortened the time 
remind for reduction 01 the aye. Similar results were obtained by 
increasing amounts of sodium oleate to skim milk. In order 
a more complete history of the changes occurring in milk. 
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cream, and skim milk exposed to sunlight, the oxidation-reduction 
potentials of a number of samples were measured at suitable intervals. 

Market Milk 

Ten cubic centimeter samples of market milk were placed in each 
of four sterile test tubes and the standard amount of methylene blue 
(1 : 200,000) was added to two of them. One tube of milk containing 
methylene blue and one without dye were placed in the sunlight; the 
two remaining tubes were covered with a sleeve of heavy black paper. 

Figure 1 shows that the potentials of the samples exposed to sun- 
light became more negative immediately after exposure. This nega- 
tive drift continued until an E* value of approximately zero was 
reached. The milk containing the metliylene blue was completely 
reduced at an Eh value of +0.065 volt (point a). After the initial 
rapid fall the potentials remained at an Eh value of approximately 
zero for three hours, or until four hours after the beginning of incuba- 
tion. At this time the potentials of the four tubes came into close 
agreement. The potentials of the two tubes not exposed to sunlight 
had retained their initial Eh values for three hours, at which time 
they began to fall rapidly to the negative side. The potential* drift 
of the milk in the dark may well be attributed to bacterial activity. 

Gillespie (6*) first suggested that bacterial cultures may induce a 
negative drift of electrode potential. Clark and his associates (f), 
Thornton and Hastings (10), and Frazier and WTiittier (3, 4) have 
studied the effect of bacterial cultures upon the electrode potential of 
milk. 

Attention is called to the fact that the fom* curves (fig. 1) tend to 
converge at an Eh value of approximately zero. This is considerably 
more positive than the ultimate negative limit of the potential drift 
(-0.2 volt). A comparison of these curves shows quite clearly that 
the light was unable to lower the potential below the Eh value of 
approximately zero. After these curves converged with those of the 
two tubes kept in the dark, all remained in close agreement through- 
out the r^nainder of the reduction process. The visible reduction of 
the sample in the light (a) preceded that of the one in the dark (5) 
by 2.5 hours. 

The samples in the dark and in the light showed complete visible 
reduction (points a and 6) at approximately the same Eh value. This 
suggests that the reduction of the standard quantity of methylene 
blue (1: 200,000) in milk takes place within a definite potential zone, 
and that the change of color occurs whenever this potential is reached, 
whether the potential drift be induced by physical or biochemical 
processes. Parallel determinations of the hydrogen-ion concentra- 
tion of samples exposed and protected from the light indicate that 
the variations in potential drift could not be accounted for on a 
basis of changes in pH. 

Cream 

The effect of sunlight on the oxidation-reduction potentials of four 
portions of a sample of 40 per cent cream with and without dye were 
studied in the same manner as in the preceding experiment. The 
potential : time curves are shown in Figure 2. As in the case of milk, 
sunlight induced a negative potential drift immediately after expo- 
sure, whereas the Eh value of the samples in the dark remained con- 
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stant for several hours. In this experiment, however, the presence 
of higher Concentrations of fat apparently affected the ability of the 
light to induce more n^ative Eh values. The initial potential drift in 
the two samples (uritn and without dye) exposed to sunlight is 
extended over a considerable period, in contrast to the rather sudden 
Ml observed for whole milk. (Mg. 1.) Also, a comparison of curves 
for the samples exposed to sunlight shows that when methylene blue 
is present sunlight is able to induce more negative potential values 
than when no dye is added to the cream. 

As in the preceding experiment, the potentials of the zones of 
visible reduction (a and b) are essentially the same for samples 
in the light and in the dark. The presence of fat tends to elevate 
the zone of reduction, whether induced by bacterial action or sunlight. 
The fact that increasing percentages of fat shorten the reduction 



Ftovkr 2— Effect of sunlight on the potential .-time curves and reduction time of ersam (40 per 
cent fat) with and without the addition of methylene blue; complete reduction took place at 
points a and b 


time of exposed samples is apparently due to the tendency of fat to 
elevate the zone of reduction. 

Skim Milk 


The oxidation-reduction potentials of skim milk with and without 
dye exposed to the light and in the dark were followed in exactly the 
same manner as for cream and whole milk. The potential : time curves 
of the samples of skim milk are shown in Figure 3. The curves are 
similar in a general way to those presented in Figures 1 and 2 for 
whole milk and cream.^ However, sunlight causes a greater and more 

X * 1 fall of potential in the skim milk than in either cream or whole 
, Nevertheless, the lower zone of reduction in the skim milk 
lengthens the time required to attain the redudng intensity necessary 
for complete loss of color. As in the case of cream, the addition of 
43^ to the sidm milk enabled the sunU^ht to induce a more negative 
drift than in the same skim milk without dye. In harmo^ 
•pravidus observations, as shown in Figures 1 and 2, the Eh 
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values at the time of complete visible reduction {a and i)^were essen- 
tially the same, whether induced by bacteria or sunlight. The poten- 
tials of the four samples came into close agreement after 3.5 hours and 
remained together during the remainder of the reduction process. 

Skim Milk Plus Sodium Olbate and Sodium Stearate 

In the preliminary studies on the reduction of methylene blue by 
sunlight, it was observed that skim milk containing sodium oleate 
and methylene blue was readily reduced. In order to determine the 
effect of such substances on the potential of the zone of reduction of 
methylene blue, a sample of skim milk was divided into three parts 
and treated as follows: (1) 1 per cent sodium oleate, (2) 1 per cent 
sodium stearate, and (3) not treated. The standard amount of 
methylene blue was added to each of the three samples. The poten- 
tial : time curves and points of complete visible reduction of the three 





Fiouxx 3.— Etieot of sunlight on the potential : time curves and reduction time of skim milk 
with and without the addition of methylene blue; complete reduction took place at points 
a and 6 

samples are shown in Figure 4. The potentials of the samples con- 
taimng the fatty acid salts drifted toward the negative side more 
rapidly than they had in the case of stdm milk. The potentials of 
these two samples dropped rapidly to £'*—0.025 volt, after which they 
remained fairly constant. After the samples had incubated for 
four hours no more sun^ht was available and the potentials returned 
to the positive side. The potentials remained in close agreement 
throughout the remainder of the reduction process. After seven 
hours the potential of each sample quickly drifted to the negative 
limit of approximately —0.2 volt, induced, no doubt, by bacterial 
activity. 

The letters a, 6, and c on Figure 4 represent the points at which 
the methylene blue was completely decolorized. The zone of reduc- 
tion of methylene blue is evidently not affected by the presence of 
either of ihe fatty acid salts employed in this experiment. Not only 
does the uniformity of the Eh values at the time of reduction of the 
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dye in the three solutions 6, and c) emphasize this fact, but the 
values conform to those previously observed for the zone of reduction 
of this dye in skim milk (approximately — 0.025 volt). Any deterring 
influence which butterfat may have exerted on changes in potentid 
in the preceding experiments, apparently is not induced by 1 per cent 
of sodium oleate or sodium stearate. 

It was observed in a preceding experiment (fig. 2) that the presence 
of butterfat shortens the reduction time of exposed samples by ele- 
vating the zone of reduction. The tendency of sodium oleate and 
sodium stearate to shorten the reduction time is apparently duo to 
their ability to accentuate the potential drift. The contrast between 
the action of butterfat and these readily oxidizable substances may 
throw some light on the mechanism of dye reduction. 



EFFECT OF CONCENTRATION OF DYE ON THE OXIDATION-REDUCTION POTENTIAL 

The results of previous experiments indicate that the presence of 
methylene blue accelerates the potential change in cream and skim 
milk when these solutions are exposed to sunlight. In order to 
study more fully the r61e played by methylene blue in this reaction, 
skim milk containing 1 per cent sodium oleate was divided into six 
parts, and methylene blue was added as follows: (1) None, (2) 
1:400,000, (3) 1:200,000, (4) 1:100,000, (5) 1:50,000, (6)1:25,000. 
The tubes were placed in the water bath and exposed to sunlight. 
The potential curves and points at which visible reduction was com- 
pleted are presented in Figure 5. 

The potentials of all the samples not only drifted to more negative 
values when the tubes were exposed to suiflight, but except m the 
ease of sample 6 (1:25,000), the fall of potential was directly related 
to the concentration of dye. The potential of sample 6 did not reach 
the B^ative limits attained by samples 4 (1:100|000) and 5 
The most marked difference observed waa between 
i (ho 4y6) and 2 (1 : 400,000). It is quite evident that the 
only a small quantity of dye greatly accentuates the 
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potential change induced by sunlight. The accelerating action of the 
dye is not directly proportional to the amount of dye a^ded. The 
addition of methylene blue in concentrations higher than I : 200,000 
did not materially increase the reducing intensities induced by sun- 
light. The potentials of all the samples remained fairlv constant 
after the intitkl drift toward the negative side. After the samples 
had incubated for five hours the potentials dropped rapidly to more 
negative limits. These latter changes in potential are due, no doubt, 
to bacterial activity. 

In Figure 5 it may be observed that the final negative limits 
attained by the samples, with one exception, are inversdy related to 
the concentration of dye added. The exception noted is sample 1, 
the negative limit of which is slightly more positive than that of 
sample 2. The time required for visible reduction in the six samples 



increased directly with the amount of dye added. The time varied 
from 15 minutes for sample 2 (1:400,000) to 285 minutes for sample 
6 (1:25,000). The En values at which visible reduction of the dye 
was complete (a, 6, and c) became more negative with each increase 
in concentration. Sample 6 was not completely reduced by the sun- 
light. Though lighter m shade, some color was still discernible at 
the time sumight was no longer available. Decolorization of this 
sample was effected only after bacterial action had induced a more 
negative reducing intensity* 

EFFECT OF ALTBENATE LIGHT AND DARKNESS ON THE OXIDATION-REDUCTION 

POTENTIAL 

Figure 6 illustrates the change in oxidation-reduction potentials 
induced by alternately placing a solution in the light and in the dark. 

Samples of skim nmk. and market milk were each divided into two 
portions and methylene blue (1:200,000) added to one of each. 
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These four samples were exposed to sunlight, and when the potential 
of a sample had drifted toward more negative values the sample was 
covered with a sleeve of heavy black paper to exclude the light. 
The effect on the potential of alternately placing milk or skim milk 
in the light and dark is illustrated in Fi^re 6. At the points on the 
curves labded d the samples were placed in the dark, and at points I 
they were again exposed to light. The potential of the sample of 
skim milk plus methylene blue dropped quickly to +0.08 volt at 
the beginmng of the experiment; when the sample was placed in the 
dark the potential rapidly returned to the more positive En value of 
+ 0.2 volt. When the sample was again placed in the light the poten* 
tial drifted quickly back to an E^ value of approximately +0.1 volt. 
After the sample had been exposed to three hours of incubation, the 
sun, although still shining, had disappeared behind adjacent buildings, 
thereby diminishing the intensity of the effective light. Skim milk 



containing methylene blue (1 : 200,000) was consistently found to be 
very responsive to any diminution of light intensity, as is evidenced 
by the slight drift in potential between the third and fourth hour of 
e^eriment. Effective sunlight was no longer available after the 
fourth hour of this particular experiment. 

The potential curve of skim milk without methylene blue shows that 
alternate placing of the sample in the light and in the dark affects the 
potential drift. However, the response of the electrode potential to 
light is not as great as in the case of skim mUk plus dye. 

The potential curves of market milk with and without dye show 
that the potentials drift to more negative values when exposed to 
sur4ight, but do not return to more positive values when placed in 
the wk. The sample of market milk when placed in the dark not 
onigr failed to respond by swinging to more positive values, but con- 
it#^23intmupte^ negative potential drift. 

suggest: (1) That methylene blue accentuates 
of the electrize potential to the ^ects produced by the 
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preseDce or absence of light, and (2) the presence of fat ha^a deterring 
influence on the potentifi drift as induced by light. This latter obser* 
vation is in harmony with those made in connection with Figures 1 
and 2. 

The complexity of the oxidation-reduction system or systems in 
milk and cream renders hazardous any attempt to specillate' on the 
probable mechanism of light in these observations. The trend 
toward more negative potentials when milk is exposed to light sug- 
gests, however, the participation of some in^*edient which is tem- 
porarily oxidized while under the influence of light, and which regains 
its electron at the expense of the electromotively active system as 
soon as the effect of the light is removed. 

It is possible that the deterring influence of fat on the reversibility 
of this process may be due in part to the sluggishness of electrodes in 
the presence of increasing amounts of fat. However, if the effect 
were entirely apparent rather than real — that is, if increasing per- 
centages of fat affected only the electrode sensitivity — one would 
expect a return of the blue color when previously exposed cream was 
returned to the dark. Since the failure of the electrode to record a 
trend toward positive values is corroborated by a failure of the blue 
(^olor to return when cream which has been exposed to the light is 
returned to the dark, it suggests that the fat exerts an actual deterring 
influence on the reversibility of the reaction. Whether it serves as a 
shield or protector of the electromotively active oxidation-reduction 
system or actually participates in the sharing of electrons can not be 
deducted from the observations at hand. 

EFFECT OF ARTIFICIAL LIGHT ON THE OXIDATION-REDUCTION POTENTIAL 

It is a common practice in the determination of quality of milk by 
the methylene blue reduction test to incubate the samples in a con- 
stant temperature incubator. The temperature of such incubators is 
usually regulated by using electric lights as a source of heat. It has 
been observed that when samples are incubated in this manner those 
nearest the light are reduced in the least time. 

In a preliminaiy experiment samples near an electric light w^ere 
reduced 2.5 hours earlier than shielded samples. In order to deter- 
mine the cause of this difference in reduction time the following 
experiment was conducted. A sample of market milk of good quality 
was divided into four parts and the standard amount of methylene 
blue was added. The samples were placed in an incubator main- 
tained at 37® C. by two 75-watt bulbs. One of these burned con- 
stantly and the other was operated intermittently by the thermostat. 
Duplicate tubes of milk were protected from the light by sleeves of 
heavy black paper and two others were exposed to the light rays 
from the electric bulbs. Representative potential curves and reduc- 
tion times of two of these are presented in Figure 7. 

An examination of these curves shows that artificial light affected 
the potentials and reduction time in much t^e same manner as wras 
observed in the case of sunlight. The potential of the exposed sample 
drifted slowly toward the negative side, whereas that of the sWela^ 
sample remamed fairly constant for six nours. As shown in Figure 7, 
the exposed sample w^as completely reduced about 2.5 hours sooner 
than the shielded sample. 
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Temperajure was not a factor in hastening reduction of the exposed 
samples. Since the temperature of the exposed samples was 1° C. 
lower than that of the ones in the dark, it is not possible to attribute 
the more rapid reduction to this factor. 

‘ ^ SUMMARY 

The potentials of cream, whole milk, and skim milk drifted toward 
the negative side when these solutions were exposed to sunlight. 
Potential changes to both more positive and more negative values 
wrere deterred by the presence of fat. This influence exerted by fat 
was especially noticeable when solutions were alternately placed in 
the sunlight and in the dark. The addition of fat to skim milk 
hastened the reduction time of methylene blue in samples exposed to 
the sunlight, owing probably to the tendency of fat to elevate the 
zone of reduction. Sodium oleate and sodium stearate also shortened 
the reduction time, but did so by causing a more rapid fall of potential. 



The addition of methylene blue to skim milk or cream accentuated 
the potential changes induced by sunlight. With each increase up 
to 1 ; 25,000 in the concentration of d^re added to skim milk containing 
sodium oleate, the reducing intensities induced by sunlight were 
progressively more negative. 

Visible reduction of methylene blue induced either by sunlight or 
bacterial activity took place within the En limits characteristic mr the 
particular sample. 

The reducing intensity induced by bacterial activity was more 
negative than that induced by sunlignt. In the case of sunlight the 
negative limits reached were seldom below zero, as compared with a 
teaucing intensity of —0.2 volt induced by bacteria. 

These observations confirm Wfaitehead^s conclusion, that reduction 
of iiiethylene blue by light is a reaction distinct from the reaction 
indilced by bacterial 

If observed that as the solution developed a progressively 
native potential the methylene blue d^lorized whenever 
passed through the zone of reduction characteristic of 
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this dye. Similarly, the blue color reappeared when tl^e solution 
developed a potential sufficiently positive to oxidize the dye present. 
When skim milk plus methylene blue which had been reduced by 
sunlight was placed in the dark, the potentials quickly became suffi- 
ciently positive to oxidize the dye. 

Artificial light hastened the reduction of methylene blue in market 
milk. Light from a 75-watt electric lamp induced a potential drift 
in milk which differed only in degree from that observed in the case 
of sunlight. The reduction of methylene blue in one sample of milk 
was hastened 2.5 hours by exposure to light from an electric bulb. 
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CHARACTERISTICS OP DISPERSABLE ORGANIC 
COLLOIDS IN PEATS ‘ 

By Wilbur L. Powers ^ 

AsBiatant Chemiatt Division of Soil Chemistry and Physics^ Bureau of Chemistry 
and SoilSi United States Department of Agriculture 

INTRODUCTION 

Although the importance of fine organic matter in soil is generally 
recognized, studies of soil colloids have dealt mainly with morganic 
constituents. In a previous report {16) ® some evidence of high base- 
exchange capacity of peat soils was noted. This characteristic has 
recently been reported by several investigators {2, 9, 10, 11, 13). 
There is also evidence that organic colloidal matter in soils possesses a 
large capacity for absorbing moisture {14)- 

The experiments herein reported were undertaken to determine the 
amount and composition of colloids in several peat-profile layers, to 
learn how base-exchange capacity changes during decomposition of 
organic materials, and to obtain information as to the nature and 
possible means of increasing or conserving the base-exchange capacity 
of soils. 

PREVIOUS WORK 

The base-exchange property of soils was reported by Way in 1850 
(30). It was recognized by G^roiz (7) and by Od^n (14) that or- 
ganic as well as inorganic colloidal matter in soils may contribute to 
their base-exchange values. In an earlier study tne writer (17) 
found evidence of a large base capacity in peat soils. However, in 
the more acid peats, a large part of the total base-exchange capacity 
was due to exchangeable hydrogen. Soon after the publication of 
this report a study hy Hissink (9) with some 13 peaty soils came to 
the wnter^s attention. His conclusions supported this view. Alben 
(1) reported finding the base-exchange capacity of peat to be some 
seven times that of normal soil. Baver (2) studied the effect of re- 
moving organic matter from 4 soils by hydrogen-peroxide treatment, 
and concluded that from 30 to 60 per cent of their base-exchange capac- 
ity was due to organic matter. McGeorge (11) worked with a score of 
soils, most of which were of a peaty character, and obtained evidence 
that high base-exchange capacity was related to the lignin content. 

Recently Smolik (24) reported base replacement far greater for 
soils rich in organic matter and markedly reduced by treatment with 
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hydrogen peroxide. Od 6 n (i4) about a decade ago reported that 
humic<-aciu forms a salt with ammonia and that liming result in the 
formation of a calcium humate which he regarded as an excellent 
regulator or buffer for the prevention of a strong acid reaction. It 
was of low solubility and difficult to wash out. Demolon and Barbier 
(S) were also led by their experiments to suggest that the clay and 
humate fractions form a complex, and that Sus argillo-humate com- 
plex is influenced by the cations absorbed. Doughty ( 4 ) studied 
phosphate fixation in peat, and concluded that calcium, iron, or alumi- 
num when present in soluble form c^use precipitation of phosphate 
in peat. Similar results were obtained by Marshall (12), who re- 
ported that calcium liumate exercises a protective action and sensi- 
tizes the soil colloid. Dunnewald (5) noted the relation of calcium 
carbonate to soil organic-matter content and vegetation. Recently 
Mattson (IS) reported investigations of base capacity of iron and 
aluminum humates when in different proportions and also at differ- 
ent pH values. High humic content in association with an alkaline 
reaction seems to possess large base-absorbing capacity. 

A review of the literature indicates the need of further information 
in regard to the characteristics of natural organic soil colloids in oi’der 
that methods may be developed of increasing and maintaining high 
base-exchange capacity in soils. In the present study natural or- 
ganic soil cmloids from several peat profiles have been isolated and 
studied, perhaps for the first time. 

EXPERIMENTS WITH PEAT COLLOIDS 

DESCRIPTION OP PEAT-PROFILE SAMPLES 

Profile samples of representative peat formations from widely 
separated sections were secured for the present study and arc briefly 
described as follows: 

1. Saw-grass peat from the Brown plantation, Belle Glade, Fla., cles(*rilw?d in a 

previous publication of this department (ff ) . 

2. Saw-grass peat, fresh sample, taken in slightly shallower peat, about one-half 

mile distant from No. 1. 

3. Virgin willow-sedge peat from Lake Labish, near Salem, Greg. : 

0 to 6 inches Dark-brown finely fibrous woodv-sedge peat. 

6 to 48 inches -Brown fibrous peat of sedge and soft wood. 

48 to 60 inches Fibrous peat with some s^imentary materials, dia- 

f toms, sponge spicules, spores, and millet frag- 

ments. 

4. Similar to No. 3 and about one-fourth mile distant. Cropped about 20 

years. 

5. Sphagnum peat from Cottage Lake, near Seattle, Wash. 

0 to 2 inches Gray-brown sphagnum moss with related vegeta- 

tion. such as swamp laurel, wild cranberry, and 
rhododendron. 

2 to 10 inches. -----Raw yellow-brown sphagnum peat. 

12 to 24 Inches Brown fibrous sphagnum peat. 

24 to 86 inches- Dark-brown fibrous peat, partly decomposed. 

6; Clackamas peaty gravelly loam, or *4obse land’^ from West Stayton, near 
Salem, Oreg. 

0 to 8 Inches Blown sooty gravelly loam. 

18 to 80 iiudies Yellowish-brown gravelly loam. 

7. Sedimentary tuleniedge peat, Lower Klamath Marsh, Oreg< 

0 to 14 inches.. -...Dark-brown fibrous tulen^edge peat with some car- 
; ; bonised material. 

; V, ^ — ---Gray-brown finely fibrous peat, 

; to 42 Inches Gray sedimentary muck with diatomaoeous material. 
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8. Sedimentary peat, Orleans County, N. Y., collected and described by A. P. 
Dachnowski-Stokes. A typical profile of peat areas in the western Ontario 
glacial-lake plain. 

0 to 6 inches Woody peat. 

12 to 18 inches Sedimentary peat. 

30 to 36 inches Reed peat. 

60 to 72 inches Sedimentary peat. 

EXPERIMENTAJ. METHODS 

The method of separation of organic colloid was similar to that 
described by Robinson and Holmes {21) with modifications, as noted 
later. Absorption tests were made according to the method of 
Robinson {19), and the general inorganic analytical procedure fol- 
lowed was that of Robinson {18). Base-exchange capacity was deter- 
mined by treating with one-twentieth normal hydrochloric acid, then 
saturating with nonnal neutral barium chloride, and, after washing 
out the excess of saturant with warm distilled water till free of 
chlorides, displacing with normal ammonium chloride. The barium 
absorbed w^as determined gravimetrically as barium sulphate. 

Organic analyses were made according to the method of Waksman 
and Stevens {29) as modified by Feustel and Byers {6). Lignin and 
hemicellulose were obtained from flax shives and sphagnum moss by 
the method of Phillips {15). 

PRELIMINARY EXPERIMENTS 

Some preliminary tests were made to determine the most suitable 
procedure for separating the colloid from peat samples. These in- 
cluded the use of different amounts of sample, removal of bases, hand 
kneading, electric agitation {21), mechanical shaking, agitating by 
means of a Bouyoucos shaker, addition of sodium oxalate, and pre- 
vious extraction with ether. The effects of amount of dilution {22), 
late of centrifuging, and yield and character of different fractions 
were also considered. 

From these tests it was found advisable to use sufficient fresh moist 
peat to yield from 100 to 200 gm. of material that would pass through 
a 2-mm. sieve. Shaking the sample overnight in a 1 -gallon sirup 
bottle two-thirds full of distilled water, with a slight addition of 
sodium oxalate (approximately 0.1 gm.), proved very helpful. The 
shaker used for preparing samples for mechanical analysis was 
fitted with a drawer to hold two 1-gallon bottles. The electric 
agitator was used before each run of the supercentrifuge, and material 
coarser than 2 imn. was omitted after the second nin. Eight runs 
were made, in which a total of 150 to 200 liters of water was used, 
according to the pro^e dealt with. Running the peat suspension 
through the centrifij^e at the rate of 1 liter in 5 seconds separated a 
colloid fraction mainly below 1 m, with a few aggregates in excess 
of 2 m in diameter. Satisfactory yields of coUoid were thus secured. 

This colloidal fraction, reduced by a battery of Pasteur-Chamber- 
land filters to slightly less than 2 quarts and homogenized by passing 
through a fine Gooch crucible, carried sufficient solids to give a 2 
or 3 gm. sample from 200 c. c. of suspension. Most of the samples 
enmloyed for base capacity and analyses weighed approximately 2 gm. 

The bowl fraction and even material between 1 and 2 mm. in diam- 
eter were found to inanifest somewhat colloidal properties. 
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AMOUNT AND ABSORPTIVENESS OP COLLOIDS PROM PEAT 

The amount (yield) and absorptiveness (character) of peat colloids 
are shown in Table 1. 


Table 1 . — Amount and ahaorptivenei^s of peatcolhids 


Sample No. | 

Location 

Description of 
sample 

Depth 

m 

GU 

Dry weight of 
sample 

Material greater 
than 2 mm. in 
diameter 

Material less 
than 2 mm. in 
diameter 

Weight of dry 
colloid extract- 
ed 

Colloid present 
in 2-mm. frac- 
tion 

Ash in colloid 

, Absorption of 

1 water over 3.3 
per cent HsS 04 




In. 


OfM. 

Om. 

Om. 

Om. 

PM. 

P.et, 

P.cl. 

1 

Belie Ulade, Fla. 

Saw-grass peat 

(M 

».5.3 

94.75 

14.1 

80.65 

2.880 

3.05 

18.28 





4-«j 

6.2 

26.79 

4.1 

22.71 

1.432 

3. .34 

18.60 





32 

6.3 

29. 21 

2.3 

26.96 

1.933 

6.62 

26.66 





40 

6.3 

22.40 

.5.2 

17.16 

2.088 

9.32 






63 

6.7 

21. io 

. 8 

20.43 

3 0?5 

14. 51 







7.1 

20.60 

3.1 

17.64 

1.980 

9.61 

21.70 


2 

Do 

do 

(M 

4.6 

236. 10 

133.0 

113. 10 

20.100 

25.76 

25.70 

46.86 




4-6 

fi.2 

142.40 

32.0 

110.40 

26.600 

24.10 

24.10 

47.13 




32 

6.6 

129.70 

15.0 

114.70 

45.100 

39. 30 

39.30 

43.61 




49 

6.6 

11.5. 80 

37.0 

78.80 

20.860 

26.40 

26.40 

43.86 




63 

6.8 

104.60 

31.0 

73.60 

22.000 

29.90 

29.90 

43.66 




86-88 

7.2 

114.70 

32.0 

82.70 

46.800 

56. 50 

56. 50 

39.50 

3 

Salem, Oreg 

Virgin willow-ssedge 

0-6 

1 6.6 

256.30 

10.2 

246.00 

54.970 

22.34 

62.59 

33.34 



peat. 

12-42 

6.6 

116.20 

3.8 

112.40 

55. 130 

31. 25 

61.49 

38.56 




48-60 

6.0 

111.30 

2.8 

108.50 

56.740 

52.30 

__ 

46.67 

4 

Do 

Willow-sedge peat 

0-6 

i 6.4 

240.00 

8.4 

231. rw) 

32.040 

13.83 

48.21 

39. 23 



(cropped 20 

12-42 

) 6.6 

102.90 

2.5 

100.70 

26.440 

26.25 

28.96 

38. 52 



years). 

48-60 

7.1 

102.30 

1.5 

100.80 

22.780 

22.59 

32.94 

35.77 

5 

Seattle, Wash... 

Sphagnum peat 

2-10 

6.1 

652.00 

300.0 

352. 00 

18.500 

5.26 

19.59 

45. 57 




12-24 

f.4' 

80.60 

40.0 

40.60 

2. 178 

5.35 

16.66 

46.51 




24-36 

6.41 

311.00 

200.0 

111.00 

14.430 

13.00 

11.71 

42. 16 

0 

Salem, Oreg 

Clackamas peaty 

0-8 

5.7, 

1,142.00 

50.0 

1,092.00 

11.5.400 

10.57 

53. 52 

37.24 



gravelly loam 

18-30 

6.0 

93.00 

40.0 

530.00 

26. 100 

4.92 

66.48 

29.23 



(loose land). 











Lower Klamath 

Sedimentary tale- 

0-14 

7.11 

176.00 

1.0 

177.00 

53.28 

30. 10 

88. 19 

34. 74 

7 

Marsh, Oreg. 

sedge ])eat. 

14-28 

7 .o; 

181.00 

0 

181.00 

18.28 

10.10 

ri3.83 

33.58 




28-42 

6.2I 

186.60 

0 

186.60 

8.14 

4.35 

56. 77 

50.83 


Orleans County, 

Seroidentary peat 

06 

5.8; 

164. (K) 

25.0 

139.00 

11. iK) 

8. .56 

53. 67 

42.01 

8 

N.Y. 


12-18 

5.8i 

121.00 

16.0 

106.00 

16.65 

15.71 

18.92 

46.04 




30-36 

5.71 

80.00 

1.0 

79.00 

11.74 

14.86 

13.04 

45.79 




0072 

7.4 

60.60 

.5 

60.10 

9.18 

15.30 

20.37 

50. 16 


» See U. S. Dept. Agr. Tech. Bui. 214 (d), for pH data for Florida peat. 


The peat samples ranged from neutral to distinctly acid ’in charac- 
ter. Moist samples weighing from 200 to 1,000 gm. were used, the 
inititial moisture content ranging from 100 to 800 per cent. Con- 
siderable difference was shown in the content of coarse material in 
the different layers of a single profile. The sedimentary layers were 
low in ash and yielded relatively large percentages of organic colloid. 
This colloid yield ranged from 3.05 to more than 56.5 per cent of 
the sample passing a 2-inm. sieve, expressed on a dry-weight basis. 

Absorption of moisture over 3.3 per cent sulphuric acid was deter- 
mined with samples which had been slowly dned on the edge of the 
steam bath and ground to pass through 130-mesh bolting cloth. 
The average absorption of peat colloid was 45 per cent as compared 
to about 30 per cent for inorganic soil colloid. The values obtained 
ranged from approximately 29 to 50 per cent. The lower values are 
for colloids having large ash content. 

PROX^ATE ORGANIC COMPOSITION AND BASE-EXCHANGE CAPACITY OP PEAT 

COLLOIDS 

: Organic analyses were made of the different layers in peat profiles. 
Thead are summarized in Table 2, 
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TabIiB 2 . — Proximate organic composition of peat aollmds 

[In per cent of colloid] 


Sam- 

ple 

No. 

Location 

Description of sample 

Depth 

Dry 
weight 
of col- 
loid 
used 

Ether- 
soluble 
mate- 
rial In 
colloid 

Alco- 
hol-sol- 
uble 
mate- 
rial in 
colloid 

Hot-water sol- 
uble material 
in colloid 

Dry 

matter 

Ash 






Pet 

Per 

Per 

Per 




Jnchea 

Oram* 

cent 

cent 

cent 

cent 

1 

Belle (Jltule, Fla 

Saw-grass peat 

0-4 

3.88 

0.206 

0.42 

4.81 

0.87 




4-6 

3.04 

.m 

.46 

2.78 

.68 




32 

4. 11 

.224 

.27 

1.20 

.39 




49 

2.98 

.269 

..58 

1..53 

.57 




63 

2.20 

.432 

.61 

1.55 

.72 




86-68* 

3.13 

.517 

.58 

1.43 

..55 

3 

Salem, Oreg.., 

V’irgin willow-sedge 

0-6 

5. 99 

.250 

.86 

3. .33 

..56 



peat. 

12-42 

4.29 

.110 

.67 

1.79 

..38 




48-60 

6.04 

.870 

! .50 

1.22 

.22 

4 

1)0 

WMllow-sedgo i»eat 

0-6 

3.10 

.340 

.to 

3.07 

.37 



(cropi)ed 20 years). 

12-42 

3.46 

.220 

.87 

1.96 

.42 




48-60 

3.33 ; 

.420 

.71 

1.63 

.47 

<; 

Seattle, Wash 

Sphagnum peat. . 

2-10 

1.48 i 

.550 

4.30 

7.79 




12-24 

.30 i 

.500 

5.33 

7.43 





24-36 

1.11 1 

1.160 

6.23 

7. 29 


6 

Salem, Oreg ! 

Clackamas peaty 

! 0-8 

9.23 1 

.130 

.57 

1. 15. 



! 

gravelly loam (loose 

18-30 

5.22 ! 

.140 

.38 

1.00 



i 

lan-i). 







K 

Orlefins ('ounty, N. Y.j 

Soilimentory peat.,_ . 

0-6 

1. 40 i 

1.2t0 

2.16 

5.75 

1.10 




12-18 

1.48 i 

.540 

2.12 

6.21 

1.28 


1 


.30-:i6 

1.61 

.600 

1.22 

3.68 

..58 


j 


60-72 

1.08 

.910 

2.08 

5.00 

1.00 

. . 




1 

— 


— 



Idgniii j Total nitrogen 

i Base- e\- ' 


un- 

de 

'fo. 

Location 

IP 

(’eUu- 

lose 

dross 

lignin 

A.sh 

Ash- 

free 

lignin" 

change 
capacity 
per grain 
of colloid 

In whole 
peat 

In col- 
loid 
frac- 
tion 



Per 

Per 

Pet 

Per 

Per 

MiUiequiv- 

Per 

Per 



cent 

cent 

cent 

cent 

cent 

alent 

cent 

cent 

1 

Belle (Hade, Fla., 

3.78 

0.r3 

44.25 

0.77 

43.48 

0.696 

3. 58 

3.54 



6.24 

.92 

51.30 

.91 

5a39 

.711 

3.02 

.3.64 



2. 53 

1.32 

75.22 

.72 

74. 59 

.870 

3.14 

3.58 



1..53 

3.26 

74.91 

.65 

74.26 

.664 

2.63 

3.16 


* 

3.23 

3.H 

72.75 

.83 

71. 92 

.729 

2.81 

3.35 



5.61 

.95 

59.92 

2.96 

56. 96 

.605 

2.09 

1.81 

3 

Salem, Oreg 

4. 17 

2.08 

65.75 

29.42 

26.33 

.338 

2.43 

5.66 



3.08 

1.93 

1 54.06 

22.35 

31.71 

.384 

2.01 

4.02 



1.83 

3.05 

’ 68.00 

34.22 

23.84 

.437 

1.83 

4.72 

4 

Do 

5.93 

1.49 

1 49.73 

27.44 

22.29 

.4a'» 

2.34 

3.22 



4.01 

2.46 

! 58.26 

12.64 

45.61 

.374 

2.43 

3. 62 



4.43 

2.22 

62.84 

12.73 

50.11 

.326 

2.48 

5.81 

5 

Seattle. W'ash 

29.91 

14.59 

29.74 

6.67 

24.07 

.850 

.95 

3.00 



32.23 

10.90 

27.03 

4.53 

22.50 

.729 

1.42 

3.83 



29.95 

7,66 

46.54 

6.28 

41,26 

.491 

1.56 

2.55 

6 

Salem, Oreg 

3.41 

2.76 

34.43 

20.01 

14.42 

.165 

.76 

1.70 



3.67 

4.77 

11.73 

8.54 

3.19 

.086 

.32 

.SO 

8 

Orleans County, N. Y 

3.00 

2.83 

40.44 

16.47 

24.97 

.533 

2.64 

2.02 



4.86 

4.86 ! 

54.42 

4.29 

50.13 

.613 

2.63 

2.74 



5. 31 

6.39 1 

64.83 

2.83 

62.00 

.596 

2.20 

3.51 



8.70 

5.00 ! 

1 

54.00 

5.08 

48.92 

1.218 

2.05 

3.81 


o Estimated by difference. 


The method used seems to yield more satisfactory results with 
material low in inorganic matter. The hemic^llulose content of 
sphagnum or high-moor peat appears to be relatively large. Of 
special interest is the so-called lignin content, which constitutes more 
than half of the sample taken in several cases, when expressed on the 
ash-free basis. The saw-grass peat caiiies a large amount of ligneous 
material, and profile No. 6 is especially well supplied. Old, sedi 
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mentary layers of low ash content appear to run high in ligneous 
material. ^ 

The base-exchange capacity is expressed in milliequivalents per 
gram of colloid. There appears to be a tendency for a high base 
capacity to correlate with high content of ligneous substance; further 
evidence of this will be presented later. The state of this material 
as conditioned by the presence of mineral matter and bases may affect 
this value, as suggested by data such as are shown for the sixth-foot 
layer of peat sample No. *8. 

Total nitrogen was determined for the peat and also for its colloid 
fraction. The nitrogen content of the colloid is usually higher, and 
in some soils, as in Nos. 3 and 4, there is approximately twice as much 
nitrogen in the colloid as in the whole peat. Determinations of 
ammonia nitrogen in colloid samples from the three layers of profile 
No. 3. were made by distUlation with magnesium oxide to determine 
whether much exchange ammonia was present. The values obtained 
for the three layers, beginning with the top one, were 0.065, 0.072, and 
0.061 per cent ammonia nitrogen. Tliis is only a small fraction of the 
total nitrogen and does not account for the concentration of nitroge- 
nous matter in the colloid part of the peat. It appears that two decaaes 
of cropping have materially lowered the nitrogen content of willow- 
sedge peat. This large amount of nitrogen, if available, would 
enhance the value of colloidal organic matter in relation to soil pro- 
ductiveness. The content of nitrogen in sphagnum peat colloid is 
low compared to that of the sedge, or low-moor, peat colloid. 

BASE-EXCHANGE CAPACITY OP DIFFERENT PEATY MATERIALS 

The amounts of colloid secured from certain soils were not adequate 
for full analyses, yet# the base-exchange capacities were determined 
and are given in Table 3. 

Table 3. — Base-exchange capacity of various peaty materials 
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The base-exchange capacity appears to increase with fineness of 
natural sample and with grinding, and to be reduced by drying. The 
highest base-exchange value for saw-grass peat colloid was obtained 
from the sedimentary layer at a depth of 32 inches. Colloid from 
Klamath peat contains a large portion of diatomaceous (siliceous) 
matter and is of only medium base capacity. The layer of saw-grass 
peat taken at a depth of 32 inches is sedimentaiy. The high base 
capacity obtained for such mucklike material may be due in part U) 
molecular concentration at the interfaces of the mixture. The indi- 
cated tendency is for dilution with sand to increase the base capacity 
per gram of colloid. 

The dopplerite is found in veins or layers in peat, where it has pre- 
sumably accumulated over a long period of time (27), The sample 
was jet black, highly colloidal, and had a' moisture content of 688 per 
cent when received. The base-exchange capacity for this substance 
is large. 


EXPERIMENTS WITH COMPOSTED MATERIALS 


LOSS OP DRY ORGANIC MATTER PROM COMPOSTED PLANT MATERIALS 

In order to provide material for the study of base-exchange capacity 
of decaying organic matter at different stages of decompoation, 
several dozen jars were arranged for composting in the soil bacteriology 
greenhouse at Arlington Experiment Farm, Rossyln, Va. Duplicate 
series of stoneware jars were employed for each of the organic mate- 
rials used. These materials were sweetclover straw, flax shives, 
sphagnum moss, sphagnum peat, and saw-grnss peat. Chemical or 
other treatments made to ascertain their effect on decomposition and 
base-exchange capacity are indicated in Tables 4 and 5. Observa- 
tions were made periodically to determine rate of carbon-dioxide 
evolution, temperature reaction, and moisture content. Watering, 
except for water-logged jars, was usually just sufficient to maintain 
a little free liquid which was drained out by decantation weekly and 
returned to the top of the material in the jar. Carbon-dioxide meas- 
urements “were for one pair of jars of each series, for only one hour a 
week, and by the method of Humfeld {10). 

The loss in organic materials is shown in Table 4. 


Table 4. — Loss in organic materials composted four moiUhs 
{Loss on dry-msttitr basis] 


Treatment 


DtetOled water 

Soil and manure inhision 

3 pw oent CaCOs--.* 

3 per cent GaCOa and 2 per cent NH4NOa.... 
3 per cent CaOOi, 2 per cent NHiN Oa, and 2 
per cent S^P04 

2 per cent NHiNOi and 2 per cent KtUPOi*. 

3 per cent CaCOs, 2 per cent NBaNOa, and 2 

per cent KiHFOi (waterdogged).... 


i Swi>etclover 
straw 

Flax shives 

Sphagnum 

peat 

Sphagnum 

moss 

J^oss 

Resi- 

due 

Ltxss 

Resi- 

due 

Loss 

Resi- 

due 

Lo.ss 

Resi- 

due 

Percent 

Vll 

Per- cent 

pll 

Per cent 

p/I 

Per cent 

p/I 

53.9 

7.7 

11.3 

5.9 

0.0 

4. 2 

8.0 

4.8 

50.4 

7.8 

11.5 

6.0 

6.4 

4.2 

8.5 

4.3 

54.0 

3.0 

1Z6 

6.0 

3.1 

6.2 

“0.0 

4.8 

55.7 

8.2 

27.0 

6.7 

10.0 

5.6 



57.5 

8.0 

20.5 

7.1 

12.0 

4.5 

18.2 

4.7 

43.3 1 


28.7 

5.8 

1 10.6 

4.S 



j 47, 5 

8.1 

25.3 

7.2 

! 10.0 

4.2 

1 14.0 

L 

4.6 


• 10 per oent sweetdorer added instead of CaOOs. 

* 3 per cent CaCOi added at end of 60 days. 
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The sweetclover straw underwent a flash decomposition durii^ the 
first six weeks, as evidenced by temperature rise and carbon dioxide 
evolved. Thonnograph records show that the mean temperatiu’e of 
the greenhouse air was approximately 24® C. During tne first five 
weeks sweetclover composts ran temperature 4® or 5® above that of 
the air. Insulation of two flax Jars to conserve heat of reaction 
appeared to aid decomposition. The sweetclover composts lost from 
47 to 60 per cent of the original organic matter in four months. 
Decomposition of other materials was slow and ranged from 6 to 30 
per cent. The flax had already undergone flash aecomposition in 
retting and was also oily. The acid sphagnum peat, and the saw- 
grass peat also, proved to be resistant to decay. 

The sphagnum moss seemed to undergo more active decomposition 
than did the older sphagnum peat. Sphagnum decomposition appears 
to have been aided by nitrate additions. 

Table 5 . — 'Bane-exchange (milUequivalenta) capacity of plant materials and composla 


Basti-oxohaiieo capacity per 
gram oi material 

! Material Material 
Fresh i c!om- cora- 
matcrial j posted 2 imsted 4 
I months months 


Sweetclover straw (.^ogallon 
Jara). 


Sphagnum moss, 0-2 inches 
(2^1on]ar8). 


Sphagnum moss, 2-10 inches 
<2iKallon jars). 


Flax shlves (l<«allon Jars) 


Saw<grass peat, 0-4 inches 
(l«gallon Jars). 


None 

Soil infusion 

6 per amt CaCOa 

5 per cent CaOOs. 2 per cent N lliN Os, and 
2 per cent K1HPO4. 

2 NmNOa and 2 per cent 

Distilled water only 

( None 

Soil infusion 

10 per Cent of sweetclover added 

a a ^ -vr-rr sk.T 


5 per cent CaC03, 2 per cent NII4N O3, and 
2 per cent K 3 HPO 4 . 

Same as above, with high water table 

Distilled water 

None 

Soil infusion 

6 per cent CaCOs 

5 per cent CaCOj and 2 per amt NH 4 N Oj. . 
5 per cent C 0 CO 3 , 2 percent NH 4 NO 3 , and 

2 per cent K3HPO4. 

2 mr cent NH 4 NO 3 and 2 i)er cent 
1^HP04.* 

Distilled water 

None 

Soil infusion 

« per cent CaC 03 

5 per cent CaC03 and 2 per cent NH 4 NOS,. 

6 per cent CaCOs, 2 per cent NII 4 N O 3 , and 
2 per cent KtHP04. 

2 NH 4 NO 3 and 2 per cent 

Distilled water 

6per cent CaCOs, 2 per cent NH 4 NO 3 , and 
2percent KsHP04.» 

None 

Soil infusion. 

6 percent CaC 03 and 2 per cent NH 4 NOJ.. 
6 per cent CaCOi, 2 per cent NH 4 NO 3 , and 
Tj2gcff«irt ^HP04, and well drained. 

None IIII-I-I-II’IIIIIIIIIIIIIIII 

Water. 


Wheat straw (350-pound lots) . 


300 pounds acid peat added 

Chopped, 14 pounds calurea containing 37 
per cent N added. 

Dong, 14 pounds caluiea added 

Chopped, 42 pounds dried blood added.... 
Long, 42 pounds dried blood added 


* 5 per cent CaCOt added at end of 00 days, 
insulated tor eontrol of heat 


* Composted sii weeks. 
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Four 1-gallon composts of saw-grass peat were provided for each of 
three layer samples. This material decays very slowly.* Neithei 
inoculation nor drainage gave significant results. Addition of 
nutrients appeared to increase the rate of decomposition during the 
first two months. Decomposition was most active with soil from the 
layer 0 to 4 inches from the surface, and losses of dry organic matter 
up to approximately 20 per cent were indicated. The material from 
the layer between depths of 4 and 6 inches lost about half as much as 
the fresher surface material, while the older mateiial from the layer 
at a depth of 32 inches gave values that were scarcely significant. 

Composite samples were taken at the end of two months and again 
after four months of composting. These were weighed , dried, ground, 
and subjected to base-capacity tests as summarized in Table 5. 

The initial plant materials used in composts were found to manifest 
base-exchange capacities in different degrees, which might be of impor- 
tance in choosing material for green manure or stable litter. Base- 
exchange capacity appears to increase during decomposition. Chemi- 
(^als that aia decomposition seem to favor increase in base capacity, 
especially during the first half of the decomposition period. They 
may affect reaction, aid formation of additional products, or -affect 
the physical state of the system. 

Samples of composts of wheat straw prepared for mushroom growing 
were supplied by Edmund B. Lambert, of the Bureau of Plant 
Industry, who suggested that chopping helps in decomposition by 
aiding compactioh or perhaps by exposing cut ends to attacks of 
decomposition microorganisms. Base-exchange capacity tests indi- 
cate that chopping is of value in promoting decomposition. 

A study of those materials ana certain of the compost residues is 
reported m Table 6. 


Table 6. — Proximate composition (p^r cent) of plant materials and compost 

residues ® 


Material* 

Troutment 


Ether soluble 

Alcohol solu- 
ble 

Hot-water sol- 
uble 

Hot-water sol- 
uble ash 

Hemioellulose 

Cellulose 

Lignin 

Lignin ash 

S weetclo ver Htraw . . . 

None, dry 


0.90 

4.89 

8.961 1.56 

8.26 

18.67 

15.68 

0.51 


Distilled water, 


1.02 

3.6C 

7.17 

1.9.3 

14.74 

17. K 

26.98 

1,07 


6 per cent CaCOi 


.49 

3.12 

8.061 .3(1 

10.62 

3.94 

43.96 

5.69 


6 per cent CaCOi and NUiNOi... 

1.36 

3.31 

9.43 

2.57 

11.27 

10.91 

.31.32 

8.97 


6 iw cent OaCOi, 2 per 

cent 

.87 

2.7S 

12.14 

4.92 

9.02 

10.23 

25.82 

6.36 


NH 4 NOi,and 2percent KsHPO^. 
5 per cent CaCOs, 2 per cent NHf- 

.48 

2.05 

21.52 

6.34 

6.26 

11.87 

27.76 

6.35 


NOi, and 2 pot cent KsHP 04 , 










colloidal fraction. 










Flax shives 

None, dry.. 


.69 

2.66 

3.3fi 

.30 

8.31 

24. 2C 

25.06 

.43 


6 per cent CaCOa, 2 per 

cent 

1.09 

2.10 

0.38 

1.68 

23.94 

5.17 

61.47 

1.18 


NH 4 NOS. and 2 per 

cent 










K 1 HPO 4 . 










Sphagnum moss, 0-* 

None, dry 


1.02 

3 . 2 s 

4.54 

.43 

12.94 

13.61 

18.77 

1.28 

2 inch layer. 

6 per cent CnCOi, 2 per 

cent 

.42 

6 . 4 S 

6.96 

2.07 

20 . 2 c 

6.07 

44.30 

2.65 


NH 4 NO 1 , and 2 per 

cent 










KSHPO 4 . 










Sphagnum peat, 2- 

None, dry 


.72 

3.14 

4.87 

.06 

11.11 

0.60 

22.61 

1.69 

10 inch layer. 

6 per cent CaCOs, 2 per 

oent 

1.33 

5.68 

7.14 

2.40 

23.31 

13.27 

28.25 

1.20 


NH 4 NO 1 , and 2 per 

cent 










iCsHP04. 










Saw-grass peat, 0-4 

None, dry 


.76 

2.26 

7.16 

1.02 

7.78 

6.60 

43.01 

1.61 

inch layer. 

6 per cent CaOOa, 2 per 

oent 

1.68 

4.23 

7.76 

2.71 

26.94 

3.42 

50.67 

3.09 


NH 4 N 0 i, and 2 per 

cent 






1 




KaHFOa, with drainage. 










Wheat straw ^ 

Noiia. drv __ 


1.86 

4.S0 

7.21 


25.80 

38.97 

13.33 

1.18 













• Composted 4 months. 
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PROXIMATE ORGANIC COMPOSITION OP PLANT MATERIALS AND COMPOSTS 

Organic* analyses were made of plant materials used in composts as 
well as of numerous composted materials. The residts are presented 
in Table 6. The decrease in more soluble and less resistant constit- 
uents is partly masked by additions of soluble nutrients. Except in 
the case of certain saw-grass peat composts, drainage was not pro- 
vided. The most sigi^cant cnange in composition is the concentra- 
tion of ligneous material. This tends to parallel the increase in base- 
exchange capacity as decomposition progresses. (Table 5.) 

Determinations of total nitrogen were made for several samples. 
Threshed sweetclover straw was found to contain 1.223 per cent 
nitrogen. After the sweetclover had been composted with distilled 
water for four months the nitrogen content of the residue was 
found to be 2.44 per cent. No loss of nitrogen is indicated, as the 
residuid dry organic matter was 47.8 per cent of the initial sample. 
Sphagnum moss contained 1.68 per cent nitrogen, and after being 
composted with distilled water for four months the content of the 
residue, as determined, was still 1.68 per cent nitrogen, indicating a 
loss of nitrogen proportional to dry matter. 

EXPERIMENTS WITH FRACTIONATED SUBSTANCES 

STUDIES WITH CERTAIN FRACTIONS OP ORGANIC MATERIALS 

Part of the ligneous fraction separated during the organic analysis 
of the saw-grass peat profile, sample No. 2, was used for testing its 
base capacity ancl was then subjected to repeated treatments with 30 
per cent hydrogen peroxide { 20 ) . The base-capacity test was repeated 
on the residue which was later ashed. The results secured are given 
in Table 7. 

Table 7. — Base-exchange capacity of ligneous fractions of peat^ a lignin from sample 
No, Belle Glade peat colloids 


Depth of .soil 
layer i 

Lignin 
fraction 
in colloid 

I^iguin 
ash in 
colloid 

Base^x 

Fer gram 
of colloid 

ichange capi 
lignin 

Fer gram 
of lignin 

acity of 

Residue, 
after HjOa 
treat- 
ment per 
gram of 
colloid 

Dry 

residue 

after 

n2()a 
treat- 
ment of 
colloid 

1 

1 Ashed 
residue 
after 
Ha02 
treat- 
ment of 
colloid 

Ash-free 
residue 
in colloid 

0-4 inches 

I 

Per cent 

Per cent 

MmUquUh 

alent 

MtUiegulV’ 

atent 

MUtiequiv- 

alent 

Per cent 

Per cent 

Per cent 

44.26 

0.771 

0.080 

0.181 

0,016 

3.29 

2,46 

2.83 

4-6 inches 

61.30 

.900 

.008 

.128 

.014 

1.77 

1. 19 

.68 

32 inches 

76.22 

.722 

.060 

.120 

.043 

10.62 

1.43 

9.09 

49 inches 

74.91 

.647 

.116 

.164 

.046 

10.43 

4.01 

6.42 

63 inches 

72.75 

.832 

.063 1 

.108 

.021 

3.01 

1.97 

1.04 

86-88 inches 

50.92 

1 

2.962 

.146 

.241 

.046 

14.94 

7.46 

7.49 


The base-exchange capacity of this ligneous material insoluble in 
various solvents appears to be larger than that of the residual inorganic 
soil colloids, yet it is less than was foimd in the organic soil colloid before 
fractionation. The extractions may destroy some organic oxide 
hating base-exchange properties. Treatment with hydrogen peroxide 
most of the organic part of the ligneous fraction and 
dad|sby^ of its base-exchai^ capacity. 
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Similar tests ^th the limeous fraction isolated from the willow- 
sedge peat colloid which had high base-exchange capacity further 
indicate that the presence of some inorganic material results in 
increased base-exchange capacity of ligneous materi^. 

Tests of base-exchange capacity were made with ligneous material 
secured in the course of analyses of plant materials, as shown in 
Table 8. It appears from these tests that this isolated ligneous mate- 
rial does not necessarily possess as large a base-exchange capacity as 
the material from which it is derived. 

Table 8 . — Base-exchange capacity of organic materials and of ligneous fractions 

separated from them 


Material 


Sweetclover straw . 

8pha{;num moss, 0-2 inclias. . . 
Suhagnum iKtat, 2-10 inches . . 
Klaxsliives 


Base- 
exchange 
capacity 
per gram 
of plant 
material 


Milli- 
eqiiiva- 
lent 
0. 125 
.400 
. 670 ! 
.0fi7 I 


Base- 
exchange 
capacity 
I)er ^arn 

IlOOUK 

fraction 


Milti- 
equiva- 
lent 
0.141 
. 2.56 
. 4.59 
.131 


Ash in 
ligneous 
fraction 


Per cent 
3.26 

6. K1 

7. .51 
1.00 


BASE-EXCHANGE STUDIES WITH PLANT LIGNIN AND LIGNO-HEMICELLULOSE 

Samples high in lignin and in hemicellulose were prepared from both 
sphagnum moss and flax shives by the method of Phillips {15), After 
the different extractions the hemicellulose was precipitated and 
washed with alcohol and the lignin boiled with hydrochloric acid to 
destroy any hemicellulose present, then washed free of chlorides. 
Samples of oat-hull lignin and corncob lignin were dso used for base- 
exchange capacity determinations, with results as given below. 


^ M aterial 

Oat-hull lignin 

Do 

Oat-hull lignin, second fraction 

Do 

Corncob lignin 

Do 

Flax-shive lignin: 

Wet 


Flax-shive ligno-hemicdlulose: 

Wet...: 

Dry < 

Spha^um-moss lignin: 

Dry 

Sphagnum-moss ligno-hemicellulose, wet 


Millieciuivalent 

0.062 

.050 

.039 

.038 

040 

.036 

192 

.151 

. 186 

.167 

098 

.041 

158 


According to Phillips, lignin has a molecular weight of about 700 
and apparently four hydroxyl groups to which a base might attach. 
Obviously, oniy a smaU fraction of the total theoretical base capacity 
at optimum reaction is manifested imder the conditions of these tests. 


* Contains 82.24 per cent hemiedhUose. 


4 Contains 18.03 per cent hemicellulose. 
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From these determinations it appears that drying lowers the base- 
exchange Activity of these substances. This may be due to diminu- 
tion of ingress of soluble salts to the interior of particles. The tend- 
ency of these ligneous and lignocellulose fractions to include impurities 
and to hydrolyze under treatment of base-exchange tests is a cause of 
some difficulty and uncertainty. 

GENERAL DISCUSSION 

The data presented clearly indicate that a portion of the peat pro- 
file samples studied is of colloidal size. The particles retained in the 
centrifuge bowl show some colloidal properties, and it seems probable 
that the effective size for marked colloidality is larger for organic 
than for inorganic colloid. The tendency shown for additions of 
calcium carbonate to increase base adsorption suggests that such 
treatment may conserve or produce base-adsorptive coimlexes. 
Since the ligneous fraction in these experiments and those of Tenney 
and Waksman {25 ^ 26) tends to become concentrated as decomposition 
of organic matter advances, and organic material, such as saw-grass 
peat or flax shives, of large ligneous content is slow to decay, it appears 
that the base-exchange capacity of organic residues is fairly perma- 
nent. The ligneous character and high base-exchange capacity of 
old sedimentary layers would appear to support this view. 

Chopping or grinding, and control of temperature, moisture, aera- 
tion, reaction, and nutrients required by decomposition microorgan- 
isms, afford means of regulating the rate of decomposition {28). A 
knowledge of composition and base-exchange capacity of fann waste 
or available litter should bo helpful. The flash decomposition of 
legume residues like sweetclover, noted by Smith and Humfeld {28)^ 
although they release nutrients and energy, may be wasteful under 
some circumstances. 

When small amoimts of peat or ligneous colloid are mixed with sand, 
the base-exchange activity of such organic colloids may increase with 
dilution until not more than a monomicellar layer of colloid coating 
surrounds each sand ^ain. 

Mixing organic and inorganic colloid and supplying calcium carbon- 
ate may provide conditions favorable for a high base-exchange capac- 
ity of the whole system. A concentration of ions at the interface of 
a mixture may operate to increase base-exchange capacity. A large 
proportion of organic matter and the presence of bases sufficient to 
give a faintly alkaline reaction is inaicated as desirable by these 
•studies and is in line with results of Mattson {IS). It seems possible 
that any acidic organic compound or other derivatives containing 
hydroxyl groups may react with bases, and that ketones or aldehydes 
may be oxidized to acids which would neutralize bases and perhaps 
allow base adsorption. Proteins or other amphoteric substances in 
^il organic matter may also conceivably affect base-exchange capac- 
ity of organic soil coUoids. The organically combined and also the 
extraneous inorg^c matter may affect the base-exchange capacity 

the peaty colloids. Studies of natural or synthetic organic colloid 
fsem- a promising field for investigation. It would appear improb- 
||de the base-exchange properties of natural organic soil colloid 
to any demite chemical ;x)mpound, smce the material 
Cii of the reaction pf tridely different materials under very 
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diverse conditions. Comparative results under specified conditions 
are obtainable. * 

SUMMARY 

Experiments with 8 peat profiles, including 26 soil-layer samples, 
show that it is possible to separate organic colloids from peat with 
fairly good, though scarcely quantitative, yields. This natural 
organic colloid absorbs about 50 per cent more water, over 3.3 per 
cent sulphuric acid, than the average for inorganic soil colloids. The 
proximate composition of peat colloids varies widely with parent 
material and climatic conditions. The colloid fraction is ricner in 
nitrogen than the peat from which it is separated. Although the base- 
exchange capacity of peat is large, its colloid fraction gives much 
higher values. The ligneous fraction of the peat colloid, although 
manifesting comparatively good base-exchange capacity, appears to 
have this property largely destroyed by treatment with hydrogen 
peroxide. 

Plant materials manifest base-exchange capacity in different degrees, 
which may affect their comparative values for green manure or stable 
litter. Studies with composts show a concentration of ligneous mate- 
rial as decomposition proceeds and this is correlated with increased 
base-exchange capacity. The state of the colloid, or of its ligneous frac- 
tion, appears to he conditioned for higher base adsorption by additions 
of sand, clay, or calcium carbonate. Formation of addition com- 
plexes, or the freeing of double-valence bonds, seems probable, and 
merits further investigation. 

Results obtained should be of practical value in composting as well 
as in economy of soil organic matter and soil fertility. 
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THE DECOMPOSITION OF VETCH GREEN MANURE IN 
RELATION TO THE SURROUNDING SOIL » 


By Harry Humfeld, Associate Bacieriologistj and Nathan R. Smith, Senior 

Bacteriologist^ Soil Investigations^ Bureau of bhemistry and SoilSf United Slates 

Department of Agriculture^ 

INTRODUCTION 

In two previous papers by Smith and Humfeld (7, 5),* studies on the 
effect of the decomposition of green rye and green vetch, used as 
CTeen manures on two acid and two neutralized soils, were reported. 
The results obtained indicated that further studies on the extent of 
the activities of the microorganisms that caused the decomposition 
of the organic materials added would be desirable. 

In these experiments the green manure turned under was deposited 
in a layer approxiniately 5 inches below the surface of the soil. 
Sampling consisted in taking a number of cores of soil to a depth of 6 
inches and then homogenizing the soil from these cores in order to 
obtain a representative sample. In this operation the green manure 
was thoroughly mixed with the soil, and if any difference in activity 
existed in the soil at various depths or in the green manure, these 
differences tended to be obscured or masked. It was suggested that 
if any information were to be gained as to the nature or possible 
localization of the activity of the microorganisms in the layer of 
green manure and in the soil at different depths, a special method of 
sampling woidd have to be developed. 

Preliminary observations^ indicated that there were great differ- 
ences in the number of organisms in the soil and in the green manures. 
In order to obtain conclusive data on the relationships of the decom- 
posing green manure to the surrounding soil the following experiment 
was planned. 

SOIL AND MANURE 

Two plots of Leonard town clay loam were used, one neutralized 
with ground limestone and the other left in the naturally acid con- 
dition. These plots formed part of the series used for the previously 
reported experiments on green manures (7, 5), but had had no treat- 
ment, being kept fallow an<l at optimum moisture with distilled water. 
The size of each plot was VA feet by 3 feet, and the soil was approxi- 
mately 10 inches deep. The vetch used as green manure was grown 
on a separate bench in th^reenhouse until approximately a maximum 

f rowth was obtained. This corresponds to the stage just before 
owering. The vetch was cut close to the soil and 2,500 grams of 

1 Received for publication July 20, 1031; issued March, 1032. 

The method of sampling used in this work is a result of a suggestion by Charles Thom, principal mycol- 
ogist, that a study of the decomposing green manure he made apart from the soil. The authors are in- 
debted to him for this suteestion and for his interest and criticism of the work. They wish to express their 
appreciation to Daniel Ready, assistant scientific aid, for making the ammonia, nitrate nitrogen, and 
moisture determinations, and to George Irving, Jr., under scientific helper, for making the pH determin- 
fttiousv 

I Reference is made by number (italic) to Literature Cited, p. 120. 

* I^ves and stems of rye and vetch were sieved out of subsamides of the green manure studied by Smith 
and Humfeld. These were examined microscopically by Charles Thom. The enormous number of boc- 
f(^d in and on these inreen materials made necessary a restudy of the whole situation on a different 
method of sampling; hence this paper. 
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the green vetch tops were brought to the experimental plots and 
turned under 5 inches below the surface of the soil. The vetch con- 
tained 13.8 per cent dry matter and 3.97 per cent total nitrogen on 
the diy basis. This is equivalent to about 53,500 pounds of green 
vetch per acre, or about 7,400 pounds of dry material and 270 pounds 
of nitrogen per acre. 

The plots were sampled immediately after the vetch was turned 
under, subsequent samples being taken 2, 4, 7, 14, 21, 35, and 56 
^days after green manuring. 

METHOD OF SAMPLING 

The cores of soil were taken in the usual manner, but instead of 
mixing the sample obtained, each core was divided carefully into 
three equal parts. (1) The 0 to 2 inch layer, (2) the 2 to 4 inch 
layer, and (3) the 4 to 6 inch layer. This last layer contained the 
green manure, which was separated as thoroughly as possible from 
the soil and treated as a separate sample. In order to get material 
enough for analysis twenty 6-inch cores were taken from each plot 
and fractionated as described. The homologous fractions were com- 
bined, homogenized, and samples weighed out for the determination 
of the number of soil microorganisms and protozoa, amounts of 
ammonia nitrogen, nitrate nitrogen and moisture, the pIT value of 
the soil and decomposing green manure, and the carbon dioxide 
evolution from the surface of the soil. 


METHODS OP ANALYSIS 


The number of microorganisms was estimated by plating the 
^propriate dilutions on soil-extract agar, as described previously (7). 
The number of protozoa was determined by the dilution method, 
using dilutions of 1 to 50, 1 to 500, 1 to 5,000, and, when necessary, 
1 to 50,000. Tubes of broth ® w^ero inoculated with a milliliter of 
these dilutions and incubated 7 to 10 days at 28® C. The presence 
of protozoa was determined by microscopic examination. Five tubes 
were inoculated from each dilution. The number of protozoa in 
the original material was estimated from the number of tubes of the 
highest dilution showing a growth of protozoa. The counts arc 
reported as number per gram of oven-dry material. 

Ammonia nitrogen was determined by distillation with MgO ac- 
cordii^ to the official methods (i), with the following modffication: 
The NHs was collected in 5 per cent HsBOs and was titrated with 
standard 0.14N H2SO4, brom phenol blue being used as an indicator, 
•as described by Scales and Harrison (6') and Markley and Hann (S). 

Nitric nitrogen in the soil samples was determined by the phenol 
disulphonic acid method. In the green manure it was determined 
by treating the residue from the ammonia analysis according to the 
Zin-Cu couple reduction method (5), boric acid being used as the 
absorbing agent and the titration being made as described for am- 
monia nitrogen. 

The reaction of the samples was determined by means of the 
quihhydrone electrode in the usual manner. Moisture determina- 
tions were made by diying the samples at 105® C. overnight. 


ion of the broth vas as follows: Soil estraot 1,000 cubic centlmeiers. and 


tthfAtand above the surfece of Uie liquid. Sterilization was by autoclaving. 
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Carbon dioxide evolution was determined as described by Humfeld 
{2), The method consists of passing a known volume of hir over a 
known and inclosed area of soil and collecting it by means of absorp- 
tion in potassium hydroxide solution of known strength. The amount 
of carbon, as carbon dioxide evolved from the soil, was calculated as 
grams per square meter in 24 hours. 

RESULTS 

The results of the plate counts of microorganisms in the soil and in 
the decomposing green manure are summarized in Table 1. 


Table 1. — Millions of microorganisms in soil at various depths when unlimed and 
limed and in fresh and in decomposing green manure 
[C:alculHted on the basis of dry weight] 


Days 

after 

green 

iiiunur* 

ing 

Microorganisms in unlimed 
soil at indicated depth (inches) 

Green* 

manure 

layer 

Days 

after 

green 

manur- 

ing 

Microorganisms in limed 
soil at indicated depth (inches) 

Green- 

manure 

layw 

0to2 

2 to 4 

4 too 

0to2 

2 to 4 

4 to 6 


Miinom 

Miltions 

Milliorm 

Millions 


Millions 

Millions 

Millions 

J^iUions 

0 

7.5 

7.9 

11.1 

070 

0 

43.9 

45.6 

35.1 

970 

2 

0.4 

5.3 

7.7 

7, 350 

2 

47.6 

36.3 

20.0 

8,800 

4 

13.4 

10.1 

11.0 

21,500 

4 

52.0 

20.0 

34.2 

46,400 

7 

21.0 

18.8 

20. .S 

5. 430 

7 

01.3 

48.1 

00.6 

.5,000 

14 

12.5 

8.4 

13.3 

800 

14 

32.0 

34.5 

23.8 

700 

31 

23. 1 

17.2 

27.5 

508 

21 

60.1 

37.0 

39.4 

420 

35 

10.0 

8.7 

8.7 

352 

35 

44.8 

47.6 

24.0 

178 

50 

13.7 

3.7 

10.8 

73.5 

50 

75.0 

39.6 

32.2 

87.6 


It will be noted that the number of microorganisms in the limed 
soil was considerably higher than the number in the unlimed soil, 
and that the fluctuations in number throughout the duration of the 
experiment were comparatively small. There was a tendency for the 
number in the different soil layers to increase, the highest counts 
being obtained in 7 and 21 days. However, when these counts are 
compared with the counts obtained in the green manure itself, they 
become insignificant, for while the nuniber of microorganisms in the 
soil runs into the millions, the number in the green manure runs into 
the billions. The count of the vetch immediately after it was turned 
under was 970,000,000 per gpm of dry material. This number is 
much greater than is ordinarily found on growing plants. It prob- 
ably was due to the fact that the vetch had been grown in the green- 
house and had become closely matted on the soil. As a result, many 
of the lower leaves were dead. Under the optimum conditions for 
the growth of microoi^anisms in the greenhouse, these dead leaves 
were already undergoing decomposition and contained great numbers 
of bacteria and protozoa. 

After four days the initial count had increased to more than 

21.000. 000.000 in the decomposing vetch in the acid soil and exceeded 

46.000. 000.000 in the limed soil. A rapid reduction in numbers took 
place after this, and 56 days after treatment only 73,000,000 and 

88.000. 000 were found in the acid and limed soil, respectively. The 
disappearance of the majority of the organisms in the ^en manure 
coincided with the disappearance of the leafy part of me vetch. It 
is apparent that when tne more readily decomposable parts of the 
vetch had been consumed, the numbers rapidly decreased, as the 
more resistant steins did not contain sufficient readily available 
materials to support the great number of microorganisms present. 
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It is interesting to note the results obtained in counting the protozoa 
as shown In Table 2. 

Table 2 . — Numbers of protozoa in soil at various depths when unlimed and limed 
and in fresh and decomposing green manure 
[Calculated on the basis of dry weight] 


Days 

after 

gieen 

manur- 

ing 

Protozoa In unlimed soil at 
Indicated depth (inches) 

Green- 

manure 

layer 

Days 

after 

green 

manur- 

ing 

Protozoa in limed soil at 
Indicated depth (inches) 

Groen- 

manurc 

layer 

0 to 2 

2 to 4 

4 to 6 

0to2 

2 to 4 

4 to 6 

0 

0 

00 

60 

7.800 

0 

00 

30 

30 

14,600 

2 

40 

40 

0 

23.000 

2 

40 

0 

80 

24,600 

4 

40 

80 

40 

152,000 

4 

40 

80 

0 

81,500 

7 

80 

80 

0 

060 

7 

40 

0 

0 

800 

14 

120 

30 

00 

79 

14 

60 

60 

0 

790 

21 

60 

60 

30 

750 

21 

30 

60 

30 

760 

3A 

(X) 

0 

0 

380 

35 

0 

00 

0 

1, ICO 

56 

30 

0 

60 

75 

56 


0 

0 

76 


The number of protozoa in the different soil layers was small, the 
variation recorded being attributable to the method of counting. The 
vetch layer just after it was turned under contained a larger numbt^r, 
but the interesting fact was the increase in numbers of protozoa in the 
decomposing ^een manure. These numbers increased rapidly, the peak 
being reached in four days. After that the count dropped suddenly 
and remained low. 

The number of fungi and actinomycetes was not determined, as all 
previous studies had shown that there is no significant (rhange in the 
number of either under these conditions. 


Table 3 . — Parts per million of ammonia nitrogen in unlimed and limed soil at 
various depths, ai^d in fresh and in decomposing green manure 
[Calculated on the liasis of dry weight] 


Days 
after i 
green 
manur- 
ing 

Ammonia nitrogen 
limed soli at 
depth (inches) 

1 in un- 
indlcated 

Green- 

manure 

layer 

Days 

after 

green 

manur- 

ing 

Amtriouia nitrogen in limed 
soil at indicated depth 
(inches) 

Green- 

manure 

layer 

0 to 2 

2 to 4 

4 to 6 

0 to 2 

2 to 4 

4 to 6 

0 





0 





2 



13 

620 

2 

11 

1 8 

8 

568 

4 

7 

3 

8 

762 

4 

1 

2 

6 

1,060 

7 

10 

13 

18 

142 

7 

6 

0 

17 

104 

14 

13 

10 

66 

285 

14 

8 

0 

53 

174 

21 

14 

23 

62 

210 

21 

17 

14 

26 

50 

36 

11 

21 

85 1 

€6 

35 

12 

12 

12 

20 

66 

13 

24 

26 ! 

1 

23 

66 

6 

1 

1 


6 


The results obtained from the analyses for ammonia nitrogen are 
given in Table 3 and show that the amount of this form of nitrogen in 
the soil was low. However, the amount in the green manure was con- 
fflderable and was especially high in the first four days of decomposi- 
tion. As decomposition progressed, the amount of ammonia nitrogen 
decreased, and at the end of the experiment the amount was no higher 
than in the surrounding soil* The ammonia nitrogen in the 4 to 6 
inch layer, or in the soil adjacent to the green manure, increased to a 
62 parts per million in 21 days in the imlimed soil and to 
$$ ndllion in 14 days in the limed soil. This was no doubt 

du# diffusion of ammonia from the decomposing material. 
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Table 4. — Paris per million of nitric nitrogen in unlimed and limed soil at various 
depths^ and in fresh and in decomposing green manure * 

[Calculated on tho basis of dry weight] 


Days 

after 

green 

manur- 

ing 

Nitric nitrogen in unlimed 
soil at indicated depth 
(inches) 

Qrcon- 

manure 

layer 

Days 

after 

green 

manur- 

ing 

Nitric nitrogen in limed 
soil at indicated depth 
(inches) 

Orcen- 

nianure 

layer 

0to2 

2 to 4 

4 to 0 

0to2 

2 to 4 

4 too 

0 

33 

39 

.14 


0 

59 

05 

49 


2 

42 

37 

35 

008 

2 

:i5 

70 

.11 

570 

4 

43 

.19 

40 

429 

4 

70 

53 

41 

477 

7 

02 

35 

3S 

:io 

7 

109 

51 

46 

25 

14 

88 

3<S 

30 

44 

14 

134 

49 

95 

59 

21 

82 

42 

51 

50 

21 

139 

73 

88 

.10 

3.5 

no 

47 

.54 

74 

35’ 

182 

07 

83 

80 

50 

108 

04 

00 

07 

50 

439 

93 

71 

74 


The nitric nitrogen, as shown in Table 4, in the unlimed soil at the 
beginning of the experiment was 33 to 39 parts per million; the limed 
soil contained 49 to 65 parts per niillion. 

In the green manure the nitric nitrogen decreased rapidly, and 
after seven days only 30 and 25 parts per million were present in the 
green-manure layer of the acid imd limed soils. The outstanding fact 
is the gradual accumulation of nitric nitrogen of the upper 2-inch layer. 
In the unlimed soil the increase was from 33 to 198 parts per million, 
and in the limed soil, from 59 to 439 parts per million. 


Table 5. — pH values of the unlimed and limed soil at various depths and of the 
fresh and decomposing green manures 


Days 

after 

green 

manur- 

ing 

pll value of unlimed soil at in- 
dicated depth (inches) 

Orccn- 

inanurc 

layer 

Days 

after 

green 

manur- 

ing 

pll value of limed sf)il at in- 
dicated depth (inches) 

Green- 

manure 

layer 

0to2 

2 to 4 

4 too 

0to2 

2 to 4 

4to0 

0 

4..1 

4.3 

4.3 

6.8 

0 

7.3 

7.4 

7.0 

6.7 

2 

•4.2 

4.3 

4.3 

5.5 

2 

7.3 

7. 5 

0.8 

7.3 

4 

4.2 

4.3 

4.2 

7.3 

4 

7.5 

7.0 

0.9 

8.1 

7 

4.1 

4.3 

4.3 

4.7 

7 

7.2 

7.2 

0.5 

7.0 

14 

4.2 

4.4 

4.8. 

0.6 

14 

7.2 

7.4 

7.1 

7.7 

21 

4.1 

4.2 

4.4 

5.5 

21 

7.2 

7.4 

6.7 

6.6 

35 

4.0 

4.3 

4.3 

4.6 

35 

7.3 

7.6 

7.3 

7.3 

50 

3.9 

4.1 

4.2 



50 

7.0 

7.4 

7.2 

0.8 


Table 5 shows the results of the pH determinations. The pH 
value of the green manui'e added to the unlimed soil was 6.8, whereas 
the pH value of the soil was 4.3. However, as the vetch disappeared, 
the pH value of the gi'een manure decreased, and at the last sampling 
it was the same as that of the surrounding soil. The surface layer 
in the meantime had become more acid, perhaps due to the concen- 
tration of nitrates there. 

In tlie limed soil the pH value of the ^reen manure was somewhat 
higher than that of the surrounding soil during the stage of most 
active decomposition and during the ^eatest accumulation of 
ammonia. The difference was not so striking as in the case of the 
unlimed soil. 

The rate of carbon dioxide production is riven in f^re 1. The 
effect of turning under green manure on me evolution of carbon 
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dioxide was immediate and was marked. The peak of the evolution 
was reached in 3 days, after which a rapid reduction took place. 
In 20 days this decline had practically stopped, and a fairly con- 
stant rate, which was close to the rate prevailing before the green 
manure was turned under, was maintained. Apparently the quan- 
tity of material turned under was the determining factor. The 
amount of carbon dioxide given off from both limed and unlimed 
soil before treatment was negligible when compared to that given 
off after the addition of the green manure. 

DISCUSSION 

In order to gain a clear picture of the effect of the addition of green 
vetch to this soil, it is necessary to compare the results of each de- 
termination with those of every other determination. For instance, 
if plate counts of microorganisms are compared with the other 



DAVS AFTER GREEN MANURING 

PiouRK 1.— Qraxns C as COs evolved per square meter of limed and unlimed soil treated with vetch 

green manure 


factors certain correlations are seen. When the plate counts of 
microorganisms in the green-manure layer were high, as during the 
first few days, the count of protozoa, the amount of ammonia nitro- 
gen, and the evolution of carbon dioxide were also high, as might 
be expected. Consequently, at the same time the pH value of the 
green manure was at the maximum and the nitricz-nitrogen content, 
although stUl high, was being rapidly reduced. 

The decomposition of the green pianure causing the great increase 
in number of microorganisms, whi^h by observation of the plates 
wei^ found to be almost exclusively bacteria, had practically no 
eff^t on the number of microorganisnis in the soil itself. Since the 
maninre contained a great number of microorganisms before 
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independently of the microorganisms in the soil. The same ob- 
servation may be made as to the number of protozoa. Whether the 
plant material itself served as a soimic of energy for the protozoa or 
whether, as has been suggested by Russell (4), the protozoa subsist 
on bacteria, can not be stated. However, it was definitely de- 
termined that as the number of bacteria increased the number of 
protozoa increased and also as the number of bacteria decreased the 
number of protozoa decreased. 

The increase in ammonia-nitrogen content of the green manure 
was no doubt due to the breaking down of the more complex nitrogen 
compounds in the plant material. Isolation of a number of the 
bacteria from the colonies obtained from the plate counts of this 
material showed that most of them were able to ammonify peptone 
broth readily. Tliis ammonification of the proteins in the plant 
materials caused an increase in the pH of the material and was, of 
course, at a maximum when microbial activity was ^eatest. 

The nitric-nitrogen determinations, however, fpve a somewhat 
different picture. In the gi*ecn manure the nitric nitrogen was high- 
est at the beginning and decreased rapidly up to seven days after 
the vetch was turned under. After that it remained approximately 
constant. It is evident that nitrification of the ammonia was con- 
stantly taking place, because, although the amount of ammonia in 
the soil adjacent to the green manure was always somewhat higher 
after the first seven days than in the soil more distant from the 
green-manure layer, an accumulation of ammonia did not take place, 
but a gradual accumulation of nitric nitrogen occurred in the upper 
2 inches of soil. This accumulation took place both in the naturally 
acid and in the limed soU. It is veiy evident that although the soil 
of the unlimed plot reached a very low pH value (3.9), nitrification 
was sufficiently rapid to insure the oxidation of the ammonia given 
off by the green manure. 

It is not clear from the data at hand whether the increase in nitric 
nitrogen was duo to nitrification at or near the surface of the soil, or 
whether, the accumulation was the result of nitrification at greater 
depths and the transportation of the nitrates to the surface by the 
physical action of capillarity and surface evaporation. Some obser- 
vations as to the concentration of nitrates at the surface under the 
conditions obtaining during this and similar experiments have shown 
that a great proportion of the total nitrates in the soil may be con- 
centrated at the surface. Concentrations of 1,300 parts per million 
have been found in the upper one-quarter inch of soil. It has been 
assumed that the nitrates were carried to the surface by capillary 
action, whore they were left by the evaporation of the water. Periodic 
sprinkling should dissolve these nitrates and distribute them through 
the soil, but apparently it did not do so. 

As the number of microorganisms in the green manure decreased, 
the nitric-nitrogen accumulation in the upper 2 inches of soil increased. 
Tliis was in agreement with previous findings (7, 5). 

The carbon-dioxide evolution correlated very nicely with the other 
activities, the peak of carbon-dioxide evolution coinciding with the 
time at which the greatest number of microorganisms were found in 
the green manure. It may be said that under the conditions of the 
experiment the carbon-dioxide evolution was a good indication of the 
imcrobial activity in the material undergoing decomposition. 
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SUMMARY 

An experiment on the decomposition of green vetch added to a 
naturally acid and a limed soil is reported. 

A special method of sampling was used in which the 6>inch cores of 
soil were divided in three successive 2-inch layers. The third layer 
contained the layer of green manure, which was separated from the 
soil as thoroughly as possible and treated as a separate sam;ple. 

Twenty fractionated cores from each plot were homogenized, and 
the representative samples of each layer obtained were analyzed for 
number of microorganisms as indicated by plate count on soil-extract 
a^ar, number of protozoa, and amount of ammonia nitrogen, nitric 
nitrogen, and moisture. The soil reaction (pH) and carbon-dioxide 
evolution were also determined. 

The results show that the increase in number of bacteria and pro- 
tozoa was limited almost entirely to the ^een-manure layer. The 
soil acted as a blanket, insuring more or less uniform conditions of 
temperature and moisture, and as an absorbent for the ammonia pro- 
duced in the decomposition of the green manure. In all probability 
the soil was the material in which nitrification of this ammonia took 
place. It was also found that rapid nitrification took place even in 
the veiy acid soil and that an accumulation of nitrates occurred at 
the surface. 

The pH of the green manure was shown to be higher than the pH of 
the surrounding soil during the period of active decomposition. Car- 
bon-dioxide production was correlated with microbial activity and was 
considered to be a good indicator of such activity under the conditions 
of the experiment. 
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INHERITANCE OP RESISTANCE TO BUNT, TILLETIA 
TRITICI, IN CROSSES OP WHITE PEDERATION WITH 
TURKEY WHEATS ' 

By Fbeo N. BHiQGBy^ 

Formerly Associate PaihologisU Division of Cereal Crops and Diseases^ Bureau 
of Plant Industry^ United States Department of Agriculture^ and Associate in 
Agronomy i California Agricultural Experiment Station 

INTRODUCTION 

Tn the study of the inheritance of resistance to bunt, TiUetia 
tritici (Bjerk.) Wint., it is desirable to laiow the number of resistant 
factors present in each resistant variety and the effect of each factor. 
Also it is necessary to know whether or not various resistant varieties 
contain the same or different factors for resistance if such varieties 
are to be used intelligently for breeding other resistant varieties. 
Crosses are made with appropriate test varieties, as soon as they are 
available, in order to determine this last point. Martin wheat (I)® 
has a single dominant factor for resistance to bunt and is used as a 
test variety for tliis factor, which is designated as the Martin factor. 
The only other test variety now available is selection 1418. This 
selection contains the second Hussar factor (S) which allows bunt 
to develop on about half the heterozygous plants. However, this 
selection was not available when the investigations with Turkey 
C. I.^ 1558 and Turkey C. I. 3055 were begun. 

This paper deals with crosses of susceptible White Federation 
with resistant Turkey C. I. 1558 and Turkey C. I. 3055 wheats 
from which the number of factors for resistance and their effect may 
bo determined. These two Turkey wheats also were crossed with 
Martin to see whethei* the Martin factor was present. Recently 
appropriate crosses were made to determine whether or not the 
factors present in these two Turkey wheats were identical with each 
other and the same as the second Hussar factor. These data will 
not be available for two or three years. 

The literature relating to inheritance of resistance to bunt in wheat 
has been reviewed and discussed in previous publications (1, 5, 4)> 

METHODS AND MATERIALS 

The parental material and hybrid populations were grown in the 
field at University Farm, Davis, Calif. Conditions there favor such 
investigations because relativelv lii^ bunt infection can be obtained 
when wheat is sown in the fall. Both spring and winter varieties 
may be seeded at that time without any danger of winter killing and 
with the assurance that both types will mature the following summer. 


iKeoeived for publication July 14, 1931; issued March, 1932. 
Division of Crops and Diseases, Bureau of Plant Industry, U. S, 
the Division of Agronomy, Oaltfornia Agricultural Experiment Station. 


Cooperative investigations of the 
J. Department of Agriculture, and 


* The writw awnowledges valuable sug^tlons from R. E. Clausen, Division of Genetics, and various 
m^bers of the Division Agronomy, University California, and from various members at the Division 


n Cereal Crops and Diseases. 

« Reference is made by number (Italic) to Literature Cited|^p. 126. ^ . 

4 C. 1. refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. 


Journal of Agricultural Research, 
Washington, D. O. 


Vol. 44, No. 2 
Jan. 16, 1932. 
Key No. 0-790 


( 121 ) 




122 Journal of Agricultural Research voi. 44, No. 2 


The seeds were thorou^ly blackened with bunt spores. The 
inoculunt was collected by W. W. Mackie in 1917 on Little Club wheat 
in the Montezuma Hills district of Solano County, Calif. It was 

S ropagated by Mackie on Little Club wheat in the botany garden at 
Berkeley, Calif. Since 1919 the writer has grown bunt from this 
original colle(5tion on White Federation wheat at Davis. The inoculum 
used, therefore, has been derived from one original collection of bunt. 
Since Paris (5) has shown that physiologic forms of bunt exist, the 
writer has been careful not to introduce new collections of bunt into 
the nursery. The fact that the same collection of bunt has been used 
continuously at Davis makes it reasonably certain that the same 
physiologic form, or possibly a mixture of forms, has been employed 
in all these bunt investigations. This is indicated also by the fairly 
constant way in which the parental wheat varieties have reacted 
to this inoculum. This collection of bunt has been designated by 
Reed (6) as Physiologic Race III of TiUetia tritici. 

The wheat seeds were spaced from 2 to 3 inches apart in rod rows 1 
foot apart. The entire nurseiy was sown within three or four days in 
order to avoid the effects of different temperatures and soil moistures. 
At harvest time the plants in each row were pulled and separated into 
two piles, bunt free and bunted. The total number of plants and the 
number of bunted plants were recorded, and the percentage of bunt 
infection was calculated. A plant was classified as bunted if it 
showed any infection. 

The percentages of bunt produced by the parent varieties may be 
seen in Table 1. 

1 . — Annual percentage of hunt infection in the parent wheat varieties from 
. 19£0 to 1992 and 1927 to 1929^ when grown at Davisy Calif, 


Percentage of bunted plants 


Variety 

1»20 

1821 

1922 

1027 

1828 

1829 

Average 

Turkey C. 1. 1658 - 

14.5 

0.3 

0.5 

0 

2.8 

0 

3.00 

Turkey C. I. 3065 

0 

0 

0 

0 

.2 

• .1 

.05 

Mgrtin - — - 

0 

0 

0 

0 

0 

0 

0 

White Federation 

88.7 

51.6 

58.3 

60.6 

1 

68.9 

78.6 

68.80 


Turkey C. I. 1558 had 14.5 per cent of bunted plants in 1920. 
Since that time the percentage 01 bunt in this variety has been much 
lower, reaching a maximum of 2.8 per cent in 1928. The reasons for 
. the comparatively high percentage of diseased plants in 1920 are not 
apparent. Tisdale et af. (7) report an average of almost 9 per cent 
of bunted heads for this variety at Moro, Oreg., in 1919 and 1920. 

Turkey C. I. 3055 has been almost free from bunt, producing only 
a little in 1928 and 1929. This variety produced 1 per cent of bunt 
in 1919 but was bunt free in 1920 at Moro, Orejg. (7). Martin has 
been entirely free from bunt at Davis, while Wmte Federation, the 
susceptible parent, has produced more than 50 per cent of diseased 
plants each year. 

EXPERIMENTAL RESULTS 

*^11 the crosses were made in 1996, The F} seeds were not inocu- 
laijed , because of the small number available. 

■^ part of the Fg seeds of all crosses was treated with copper car- 
to protect them from bunt infection so that a supiuy might 
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be grown for F3. Enough seeds to plant approximately 20 rod rows 
of each cross were inoculated and grown in 1928. * 

The F2 data do not permit a satisfactory genetic analysis because 
some susceptible plants usually escape infection. Some resistant 
plants occasionally also become partly infected. The data do give 
some idea of the number of factors present and indicate the percentage 
of bunted plants that may be expected in Fs rows of the same genotype. 
The data collected in F2 are recorded in Table 2. 

Table 2. — Percentage of hunted plants in parents and Fi ^ the crosses named 
when grown in the field at University Farm, Davis, Calif., 1929 


Parent or cross 

Total 

plants 

Bunted plants 

Turkey C. 1 1558 

Number 

504 

Number 

14 

Per cent 
2.8 

Turkey C. 1. 

479 

1 

.2 

White Federation 

309 

253 

81.9 

White Federation X Turkey C. 1. 1558 .. . 

815 

421 

51.6 

White Federation X Turkey C, 1. 3055 - 

623 

252 

40.4 

Martin X Turkey 0. 1. 1658.. - 

921 

43 

4.7 

Martin X Turkey C. 1. 3056 - 

1.016 

50 

4.9 


There was 51.6 per cent of bunted plants in the F2 of White Federa- 
tion X Turkey C. I. 1558 as compared with 40.4 per cent in the cross 
with Turkey C. 1. 3055. The selection 1418, which carries the 
second Hussar factor, produced 53.3 per cent of bunted plants in F2 
when crossed with Little Club (5). The F2 data, then, indicate that 
both strains of Turkey contain single factors for resistance to bunt 
which are similar in effect to the second Hussar factor. 

The F2 of Martin X Turkey C. I. 1558 and Martin X Turkey C. 1. 
3055 contained 4.7 and 4.9 per cent of bunted plants, respectively, 
showing that the Martin factor is not present in these varieties. 

In the F3, 299 rod rows were grown from 299 F2 plants of the cross 
White Federation X Turkey C. I. 1558. There were grown also 296 
F3 rows of White Federation X Turkey C. 1. 3055, 183 rows of Mar- 
tin X Turkey C. 1. 1558, and 190 rows of Martin X Turkey C. 1. 3055. 
The F2 plants from which these F3 rows were grown had been protected 
from bunt by seed treatment. There were from 30 to 60 plants in 
each F3 row. The classification of F2 plants on the basis of the 
behavior of their progeny in F3 rows is more reliable than classification 
in F2. The F3 data are shown in Table 3. 

The number of rows in the 0 to 5 per cent class were separated into 
those with no bunted plants and those with 1 to 5 per cent of bunted 
plants because of the special interest in the former. The nature of 
the distribution of White Federation X Turkey may be seen more 
readily from Figure 1, In each cross the number of rows under the 
three modes agrees satisfactorily with the 1:2:1 ratio. Accepting 
the minima as they occur, the number of rows for White Federation 
X Turkey C. I. 1558 was 79.0:154.5:76.5 where the number ex- 
pected was 77.5 : 155 : 77.5. In the cross with Turkey C. 1. 3055 there 
were 64.5:165.0:76.5 where 74:148:74 were expected. The min- 
ima perhaps should not be thought of as representing with abso- 
lute accuracy the divisions between phenotjrpes. The agreement 
between the two crosses is good, and the minima fall practically at 
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the. same points as those obtained in the cross with the second Hussar 
factor (^^ In the latter case the first minimum occurred at 17.5 and 
the second one at 67.5 per cent of bunt infection. 

Table 3. — Distribution of parent and Ft rows of the crosses named into 6 per cent 
classes for hunt infeciionf when grown at DaviSf Calif, ^ 1929 


Difitribution of rows by percentage classes for bunt infection 


Parent or cross 


1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

! 

31-35 

36-40 

4M5 

46-60 

Turkey C. 1. 1658 

Turkey C. 1. 3065 

12 











11 

1 










White Federation 

Martin 

6 












White Federation X Turkey C. I. 

1558 

White Federation X Turkey C. I. 

27 

34 

10 

6 

4 

6 

0 

24 

31 

27 

21 

8056 

36 

10 

8 

3 

6 

17 

25 

1 28 

24 

19 

15 

Martin X Turkey C. 1. 1568 

73 

24 

29 

16 

12 

11 

6 

1 

3 

2 

2 

Martin X Turkey C. l. 3056 

80 

38 

17 

! 16 

1 

4 

3 


2 


2 




c£ur) 


Fiauitx 1.— Distiibation of Fs plants on the basis of Fi rows of the crosses White Federation X Tur- 
key 0. 1. 1568 wjieat (brokenline) and White Federation X Turkey C. 1. 3055 wheat (sdlid line) 
into 5 per cent passes for bunt infection 

Although the a^ement between the two crosses is good, it is 
obykras that there is a higher percentage of bunt in the heterozygous 
rnwB of the Turk^ C. 1. 1558 cross thau in the Turkey C. 1. 3055 
'lirQS^.. ^h<i lom^er had an aywage of 41.5 per cent of bunted jplants 
{alitdr 36.3. It will be recalled that the Pt of White Federa- 
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tion X Turkey C. I. 1568 produced 51.6 per cent of diseased plants, 
as compared with 40.4 in the Turkey C. 1 . 3065 cross. The reason 
for the more frequent occurrence of bunt on heterozygous plants is 
not known definitely but it may bo due in part to modifying factors. 
In Table 1 Turkey C. I. 1668 was shown to be a little more susceptible 
to bunt than Turkey C. I. 3055. That small differences in the amount 
of bunt in resistant wheats may be due to the presence of modifying 
factors has been shown in an earlier publication (2), If the higher 
percentage of bunt in heterozygous rows of White Federation X 
l\irkey C. I. 1558 is due to the presence of modifying factors, the 
percentage of bunt in resistant and susceptible rows likewise should 
be higher. The resistant rows of the Turkey C. I. 1558 cross have 
an average of 3.1 per cent of bunt as compared with 1.9 per cent for 
the Turkey C. I. 3065 cross, but the reverse is true for the susceptible 
rows. The former cross had 84 per cent of diseased plants as against 
86.9 per cent for the Turkey C. I. 3055 cross. The differences are 
not great and do not change the general conclusions that Turkey C. I. 
1558 and Turkey C\ I. 3055 differ from White Federation in one 
main factor for resistance. These factors are similar to each other 
in effect and also are similar in effect to the second Hussar -factor. 
Investigations are under way to determine whether these factors are 
identical with each other and arc the same as the second Hussar 
factor. 

The data obtained from the crosses of White Federation with 
Turkey C. I. 1558 and Turkey C. I. 3055 demonstrate clearly that 
the factors for resistance to bunt in these two strains of Turkey are 
different from the factor in Martin. Because the crosses with Martin 
were available, they were carried through the F 3 . The presence of 
bunt in F 2 of Martin X Turkey C. I. 1558 and Martin X Turkey 
C. I. 3055 and the presence of susceptible and segregating rows in 
F 3 of these crosses (Table 3) confirm the conclusion that the Martin 
factor is not present in either of these strains of Turkey wheat. 

SUMMARY 

The bunt inoculum used in these experiments was derived from 
one original collection, designated by Reed as Physiologic Race III 
of TiUetia tritici, 

Tm*key C. I. 1558 and Turkey C. I. 3055, the resistant parents, 
are very resistant to bunt as compared with White Federation wheat, 
which produced more than 50 per cent of diseased plants under the 
conditions of these experiments. 

Turkey C. I. 1558 and Turkey C. I. 3055 were crossed with White 
Federation to determine the number of factors for resistance to bimt 
in these strains of Turkey and to find out the effect of these factors. 
They were crossed with Martin to see whether they contained the 
Martin factor for resistance to bxmt. 

In the crosses with W'hite Federation the classification of F 2 plants 
on the basis of the behavior of their progeny in Fs rows showea that 
Turkey C. I, 1558 and Turkey C. 1. 3056 each differ from White 
Federation in one main factor for resistance to bunt. These factors 
are similar in effect to each other and resemble the second Hussar 
faetor in that about half the heterozygous plants become infected. 
Therefore, they differ from the factor for resistance to bunt in Mar- 
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tin, which is completely dominant. This point is confirmed further 
by the presence of bunt in F 2 of crosses of Martin with Turkey C. I. 
1558 and Turkey C. I. 3055 and by the presence of susceptible and 
segregating F 3 rows of the same crosses. 

Investigations are under way to determine whether or not the fac- 
tor in Turkey C. I. 1558 is identical with the factor in Turkey C. 1. 
3055 and the same as the second Hussar factor. 
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FLOWERING BEHAVIOR OF THE HOG PEANUT IN 
RESPONSE TO LENGTH OF DAY ^ 

By H. A. Allard 

Senior Physiologist^ Division of Tobacco and Plant Nutrition^ Bureau of Plant 
Industry y United States Department of Agriculture 

INTRODUCTION 

One of the most interesting wild plants of the flora of the District of 
Columbia is the legume known as the hog peanut, Falcata comosa (L.) 
Kuntze. This plant grows best in rich damp soil in woods and 
thickets. In the writer’s garden, developed by reclaiming a magnolia 
bog, this plant has stubbornly persisted as a most troublesome vreed. 

In Gray’s Manual of Botany ^ it is stated that the hog peanut is a 
low and slender perennial. T^his plant as observed by the writer at 
Washington, D. C., is invariabljjr an annual. This observation agrees 
with that of Adeline F. S(;hivefy,® w^ho made a very careful stuay of 
its flowering behavior many years ago in Pennsylvania. 

KINDS OF FLOWERS NORMALLY PRODUCED IN THE WILD STATE 

IN SUMMER 

In niany respects the flowering behavior of the hog peanut is 
unique. The production of flowers and seed is especially striking, 
since it is usual for the plants to produce each season flat aerial pods 
with small dry seeds, and in addition indehiscent subterranean pods 
with large fleshy seeds of distinctive character. 

In the course of the season the hog peanut normally; produces 
several types of blossoms, ranging on the one hand from strictly open, 
shovry blue or whitish chasmogamic blossoms in small aerial racemes 
to strictly cleistogamic blossoms, some of which, on the tips of long 
slender stems, bury themselves in the upper layers of the soil ana 
produce the true hypogean beans of the large fleshy type. 

Among the more distinct forms of floral expression in the blossoming 
scries several may be mentioned. The showy colored chasmogamic 
blossoms of midsummer, which develop as aerial flowers from the 
uppermost branches of the plant, appear to be the fully developed 
blossoms of the species. From the higher branches of the plant 
aerial greenish cleistogamic blossoms are likewise produced. Both 
tjrpes of aerial blossoms produce small, dry, dark-colored aerial pods 
with one to three small hard seeds. The showy perfect flowers appear 
only during the midsummer season. Plants grown in the greenhouse 
in winter never produce the blue showy type of flower, but greenish 
cleistogamic flowers develop and form small thin orbicular pods. 

1 Uecelvtd for publication July 14, 1931; issued March, 1982. 
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These are even smaller, more orbicular, and less obviously stalked 
than the pods produced by the similar greenish cleistogamic summer 
flowers. 

In addition to the aerial cleistogamic flowers of summer and winter, 
long filiform stems bearing at their tips extremely reduced cleisto- 
gamic blossoms are formed. These normally push beneath the soil 
and produce the large fieshy subterranean beans. These beans are 
produced very abundantly under specific conditions during the entire 
summer and likewise constitute the common form of floral expression 
on winter-grown plants. 

It would appear that the entire series of flowers merely represents 
more or less distinct gradations of floral reduction from the normal 
showy colored blossoms to the merest rudiments found in the most 
extremely reduced hypogean forms. So complete can this floral 
reduction become that even the number and size of the stamens and 
the stigma itself are affected. In the strictly subterranean flowers 
there is little indication of the normal elongate style, and the capitate 
stigma seen in the blue flowers is entirely wanting. 

The fact that several types of flowers and beans are normally 
produced in a rather definite sequence throughout the season led 
Schively to investigate the behavior of the plant for the purpose of 
determining the factors responsible for these reproductive differen- 
tiations. Her observations and work make a very interesting con- 
tribution to the unique behavior of this wild bean ; but since at the 
time of her investigations nothing was known of the length-of-day 
responses of plants, she failed to recognize any specific response that 
could be attributed to definite quantitative conditions of the seasonal 
environment. 

SEASONAL RELATIONSHIPS OF FLOWERING 

Consideration may now be given the seasonal relationships of 
flowering and the normal sequences observed for the production of 
the several types of flowers from the time the beans first germinate 
in late April until the plants die in autumn. 

In a locality where the hog peanut grows abundantly a heavy crop 
of viable hypogean seed is usually produced. These are actually 
self-sown, as the blossom-tipped axillarv runners bury themselves 
wherever possible in the uppennost soil layers and these yield a. crop 
of h^ogean beans. Plants may arise from the smaller aerial seed, 
but the viability and germination of these seeds from aerial blossoms 
seem far less positive. 

Toward the last of April certain areas of the writer’s garden are 
covered with thick standi^ of you^ hog-peanut plants arising from 
the abundant hypogean beans buried in the soil. The cotyledons of 
the hog peanut, umike those of the soybean or the common garden 
beans, remain buried beneath the soil. As the young plants grow in 
May and June, a tangle of competing vines is produced, and the strug- 
gling plants become more or less vigorous climbers when they find at 
hand supporting weeds and ahrubbery. 

In mid Jupe or early July, slender, drooping filiform runners some- 
times appear, arising even from the shoots that develop from the 
.cotyledonary axils beneath the soil. From the time these first 
riinneiB with their extremely rudimentary flowers are developed 
are produced in abundance from the aerial teaf untU 
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the end of the season, or as long as the plants remain in a vigorous 
growing condition. There is considerable individual variation, how- 
ever, in the time of first appearance of these filiform stems with their 
cleistogamic fiowers. On some plants their appearance is dela^red as 
late as the last week of Julv or early Au^st. This behavior is not 
anomalous, however, for the normal field assemblage, not having 
undergone rigorous natural selection for particular degrees of earliness 
or lateness, would be likely to include individuals of rather wide 
variability in this respect. 

Several weeks after the filiform runners with the hypogean type of 
blossoms appear, aerial fiowers, either greenish and cleistogamic or 
perfect and bluish colored, usually make their appearance. Schively 
states that the aerial cleistogamic flowers do not appear until the 
showy blue aerial flowers are in evidence. This is not an invariable 
sequence, however, for the writer has observed that the greenish, 
more reduced cleistogamic aerial flowers have occasionally preceded 
a little the showy aerial ones, sometimes making their appearance 
during the first week of August, while the blue flowers did not appear 
until about August 20. Near the middle of August the blue aerial 
flowers appear either singly or in racemes. 

WINTER FLOWERING IN THE GREENHOUSE 

Naturally the winter type of aerial cleistogamic blossoms must be 
confined to artificially grown greenhouse material. However, it 
would appear that this type of flower is in some respects only a more 
reduced and more rudimentary floral structure than that produced 
by the plants in summer, when growth is favored by conditions of 
better illumination, long days, and perhaps more favorable moisture 
and temperature conditions. There is reason to believe that the 
winter type of cleistogamic flower and the resulting legume are but a 
near approach to the more extreme hypogean type produced upon the 
filiform runners. This is evidenced by the more extreme reduction 
in certain features of the style and stigma, and in the smaller, more 
orbicular pods, that, like the hypogean pods, usually contain but one 
seed. 

RESPONSE OF THE PLANTS TO LENGTH OF DAY IN SUMMER 

In 1925 and again in 1930 studies were made of the response of the 
hog peanut to different lengths of day. These studies have afforded 
a clearer understanding of the normal field behavior of the plant in a 
wild state. They have also suggested reasons for some of the floral 
differentiations and apparently established floral sequences through- 
out the season. 

Tiny plants which had germinated from hypogean beans in late 
April and early May were taken from the wild state and planted in 
buckets. These were subjected to the following series of day lengths: 
5, 8, 10, 12, 13, and hours and the full length of day of summer 
at Washington, D. C., i. e., 14 hours and 54 mmutes from sunrise to 
sunset. In one test the plants were darkened from 10 a. m. to 2 
p. m. each day. 

Filiform runners bearing extremely rudimentary flowers were soon 
produced on plants under all lengths of day except the controls (full 

« SOHIVKLY, AiixuKlE F. Op. olt.. p. 825. CS«e footnote 8.) 

107819—^2 8 
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day) and the plants darkened in the middle of the day. In experi- 
ments carried out in 1930 with the different day-length treatments 
be ginnin g May 2, filiform stems appearing May 29 reached the 
following lengtns on June 2: 

Inches 

8 hours daylight 5 

10 hours daylight 4 

12 hours daylight 3)4 

13 hours daylight... — — 6)4 

13)4 hours daylight 1)4 

Closed aerial flowers appeared on plants growing under the short- 
ened day lengths on the following dates: On the 8-hour, 10-hour, and 
12-hour days, June 10; 13-hour cfay, June 12; 13)4-hour day, June 14. 
(Fig. 1.) 

Showy, bluish, completely developed flowers appeared only on the 
plants experiencing a day length of 13)4 hours and the full length of 
day. On the plants exposed to a 13)4-hour day the flowers appeared 
on June 23 but on those exposed to full length of day the flowers did 
not appear until August 12. At no time during the season did the 
plants darkened in the middle of the day produce the showy bluish 


type of flower. 

Filiform stems began to develop on these plants and on the control 
plants simultaneouriy on July 22, followed somewhat later by the 
closed aerial greenish cleistogamic flowers. 

Figure 2 affords a comparison of plants grown under different 
leMtns of exposure to daylight. 

These tests and earlier experiments conducted in 1925 indicate that 
the length of day exerts an immediate and profound influence upon the 
type of blossoms produced by the hog peanut. 

It is evident that an appropriate length of day not only controls 
the type of floral expression but also completely changes the normal 
sequences of flowering behavior as usually observed in wild plants in 
the field. Lengths of day of 13)4 hours or less have favored a rapid 
development of axillary filiform stems bearing the extremely reduced 
hypogean type of blossoms. A length of day of not less than 13)4 
hours was required to produce the penect showy aerial type of blossoms. 
The green cleistogaimc summer type of blossom appears to represent 
an intermediate form not far removed from the showy flowers, since 
they are normally produced on the control plants very near the time 
when the showy blossoms themselves appear. These showy flowers, 
representing the typical fully developed blossoms of the hog peanut, 
are obviously favored by the longer midsummer day obtaining in 
this region. 

The extremely rapid growth and excessive production of filiform 
stems bearing the hypogean type of flower is a remarkable response 
of the plants to the shorter lengths of day. Day lengths of 13 and 
13)4 hours were especially favorable to the growth of these runners 
or stolonlike stems, as shown in Figures 1 and 2. This excessive 
runner ^wth was coincident with a more rapid and vigorous growth 
of the plants themselves in leafiness and in stature. It would appear 
that tne greatest reduction tow.ard a rudimentary condition in the 
normal flower accompamed the condition of most excessive vegeta- 
itive growth. As a matter of fact, these filiform runnerlike stems 
;r^|ivesent extreme attenuations of aerial stem growth bearing the 
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Figure 1.— Hag peanut grown under a lO-bour day, beginning April 28. Only greenish aerW 
flowers and fllllorm stems bearing bypogean flowers were produced. Closed flowers appeared 
June 10. Filiform stems appeared somewhat earlier. Aerial pods and small seeds we wo^. 
and likewise the bypogean pods with their si^le large fleshy seeds, some of them still attached 
to the underground runners. The slender stems at the right represent runners horn aerial Iwf 
axils and show the extreme reduotim of the leaves and the minute rudimwitary flowers at the 
tips. (Photographed August 10. About one*half natural slse) 
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inflorescence, and the leaves are peatly reduced until oftentimes they 
are represented by mere stipules. Upon these excessively active 
growing floral stems, which may reach 6 feet or more in length, 
usually solitary flowers are borne at the tips. 

A striking feature of this phase of sexual expression in the hog 
peanut is the localization of extremely vigorous growth energy in the 
runners bearing the hypogean type of flowers. It would seem that 
the axillanr branches are suddenly stimulated to become more or less 
specialized inflorescence branches given over almost entirely to sexual 
reproduction. It is now well known that when many plants with a 
distinct vegetative stem, as in the case of the cosmos, are forced into 
flowering by suddenly reducing the length of day, the reproductive 
cycle is established by a marked elongation of the ternunal inflo- 
rescence stem and branches. In these plants, however, with a more 



Fioubb 2.— Bog peanut grown under different day -length treatments. Tests began with wild 
plants, taken from the neld grown from naturally sown hypogean seed May 0; photographed 
June 18. J^ft to right: Controls, experiencing the full summer day, 1 2-hour day, IS-hour day, 
13K-hour day, darkened from 10 a. m. to 2 p. m. each day. The greater abundance and length 
of the filiform stems bearing the hypogean type of flower is well shown on the plants exposed 
to a 13-hour and a ISK’hour day. At tills time the controls showed no flowers of any form 
whatever 


or less stricly terminal inflorescence, although there may be a reduc- 
tion of the true foliage leaves to the condition of mere bracts, there is 
no noticeable reduction of the flowers themselves to a rudimentary 
condition,. The behavior of the hog peanut is probably comparable 
to this, since a favorable length of day stimulates a similar marked 
elongation of the inflorescence branches, which arise from nearly 
ail of the older leaf axils. So marked is the response toward repro- 
ductive vigor, however, that the weak floral stems develop extremely 
long intemoaes and become leafless, and the flowers themselves 
underigo extreme degeneration to the merest rudiments in comparison 
with the normal penect showy blossom. 

Coincident with the rapid growth of the axillary filiform stems 
bearing the reduced cleistogaimc flowers, the hypogean pods develop 
with great rapiditv. It is evident that the plants have transferred 
th^ raergies to these Iom reproductive stems, with a rapid mobili- 
of material in all those beans that have a hypogean environ- 
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ment. This very rapid growth of the axillary stems producing the 
hypogean type of flowers does not exert any unfavorable action upon 
the fertility of the hypogean beans, for those are usually more viable 
than the small aerial beans and from the outset produce larger and 
more vigorous plants. This behavior of the hog peanut is similar 
to that of a number of other plants that regularly produce con- 
spicuous or chasmogamic flowers and cleistogamic flowers. In the 
case oi Polygala polygama Walt, and P. paucifiora Willd. the chas- 
raogamic flowers are very uncertain in the production of seed, while 
the cleistogamic flowers produce seed in abundance. 



Fkiure 3.— Wintei'Erown plants of the hog peanut obtained from seed of aerial legumes sown 
October 31, 1930, in the greenhouse, germinated November 30, and photographed January 26, 
1031. Plants at right were exposed to light turned on each day from sunset till midnight. The 
controls at left experienced the normal seasonal length of day and produced the hypogean type 
of cleistogamic flower. Aerial flowers of the greenish cleistogamic winter type which develops 
pods were also in evidence January 8 

RESPONSE OP THE PLANTS TO ARTIFICIAL LIGHT IN WINTER 


Experiments have been carried out during the winter with artificial 
light. (Figs. 3 and 4.) The plants wore grown from the small dry 
seeds of aerial pods which were sown October 31, 1930, and germinated 
November 30. Four plants were grown in a bucket. Beginning 
December 17, a 100-watt light with reflector 1 foot above the plants 
was kept on from sunset until midnight each day. These plants 
were stimulated to grow rather vigorously, and became twiners. A 
few weak filiform stems were in evidence December 19, bearing the 
rudimentary hypogean type of cleistogamic blossom, but none ap- 

8 eared to produce seed. At no time was there any evidence of aerial 
owers, both the greenish winter type of cleistogamic flower and the 
perfect bluish blossoms being entirely suppressed. 







134 Journal of Agricultural Research voi 44 , No. 2 


The controls experiencing the normal winter day throughout the 
experiment developed filiform stems bearii^ the reduced hypogean 
type of flower. In addition a number of aerial flowers of the greenish 



riouRB 4.-“Plants of the hog poanut of the winter type, grown flrom aerial seed. The plant at 
the right was grown with the addition of artificial light each day. Only filiform type of stem 
bearing the hypogean flowers had developed, all aerial forms of blossoms being suppressed. No 
pods had developed on thfB» filiform stems when photographed January 2e, 1231 . At the left is 
a control plant grown without the addition of artmeial Tight to supplement the winter length of 
day, with pods developed from aerial cleistogamlc flowers. These pods are small, orbiwlar, 
1-eeeded. and appew to represent a nearer approach to the hypogean type of pod than the pods 
developed from aerial cleistcgamlo or cbasmogamic flowers in summer. Filifbrm stems bewlng 
the typical hypogean type of pod are also shown 

olwstogamic type were produced, from which developed the email 
^nguar, i^tly l-eeeded type of aerial pods charactemtic of winter- 
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The weak development of filiform runners on the plants subjected 
to additional electric light at sunset appears to have resulted from the 
delay in beginning the experiment. The plants had grown 17 days 
from germination oefore the normal length of day had been extended 
by electric light. It would appear that the additional light had 
stimulated the plants grown from aerial seed to greater vigor, com- 
parable to that shown at the outset by plants grown from hypogean 
beans. 

In a second test hypogean beans were dug from the soil in the 
writer's garden and planted in pots Januaiy 19, 1931. On January 
30, when these had come up, one bucket containing six plants was 
placed beneath a 100- watt light, which was kept on from sunset till 
midnight. Axillary filiform stems did not develop, but instead short, 
thick vegetative stems appeared. The controls produced long, 
axillary stems, which appeared on February 11 and grew vigorously. 

DISCUSSION 

From the data presented it is obvious that, other conditions being 
uniform, flowering in the hog peanut may be very largely controlled 
by the length of the day to which the plants are exposed. It* would 
appear that in the field the usual sequences of flowering with respect 
to the type of blossoms produced are controlled more or less by the 
normal seasonal changes in the length of day from spring until autumn. 
Experiments with constant lengths of day indicate that filiform stems 
bearing rudimentary hypogean flowers are stimulated to appear under 
day lengths as low as 5 hours, and continue to develop through an 
increasing series up to at least 13K hours. At some point between 
13% hours and 15 hours, which is the maximum length of day in the 
locality of Washington, 1). C., it would appear that the days may 
become too long for an immediate production of this type of inflo- 
rescence. This is shown by the fact that control plants did not begin 
to produce filiform stems until July 22, while plants exposed to a 
constant day length of 13)^ hours began to produce them with great 
vigor by May 29. 

The greenish cleistogamic aerial flowers may somewhat precede 
the blue aerial flowers, or they may appear after the latter have 
developed. In some of the experiments these closed aerial flowers 
appeared August 12, while the blue flowers appeared August 20. In 
the field the mue aerial flowers usually appear in late July or in August, 
to be replaced later in the summer by tne greenish aerial cleistogamic 
flowers. The latter apparently represent a response to shorter 
lengths of day than are favorable to the production of the blue 
aenal type. 

It appears that the hypc^ean beans are more abundantly produced 
than the aerial legumes. The former not only germinate with much 
more certainty but actually produce more vigorous seedlings. These 
facts would indicate that the perpetuation of the species is more de- 
pendent upon the hypogean seed than upon seed developed in aerial 
legumes. The rapidity of development of the hypogean seeds, which 
appears to be associated with the extremely rapid growth of the fili- 
form runners bearing them, is an additional accomj^ishment of value 
to the species, since it allows an abundance of seed to be produced 
late in the season at a time when rapid development is most needed. 
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Since the hypogean beans can be produced under very short lengths 
of day, it is obvious that the plant need not depend upon the more 
uncertain aerial beans for reproduction, even in regions where strictly 
aerial flowers are not able to set seed. It is probably true that the 
smaller and extremely hard, dry, aerial beans are better adapted to 
distribution, perhaps by birds or other agencies, than the larger, 
softer, self-planted terrestrial beans. From the fact that these can 
develop under very short lengths of day, even as low as five hours, 
it is obvious that the capacity to produce hypogean beans alone 
would favor the natural distribution of the hog peanut into lower 
latitudes far southward. As a matter of fact, its known distribution 
extends from New Brunswick and Minnesota to Nebraska and south- 
ward to Florida and the Gulf States. 

It may be remarked that the flowering behavior of the hog peanut 
is quite comparable to that of the cultivated peanut {Arachis hypo- 
gaea L.). In the case of the latter, however, omy those blossoms that 
can push themselves under the soil produce hypogean legumes or 

E ods. Showy aerial flowers may arise from the l^her leaf axils, 
ut these never produce aerial pods as in the case of the hog peanut. 
A number of familiar wild plants have a common habit of producing 
cleistogamic flowers with a more or less definite seasonal incidence. 
Among these are Venus lookingglass (Spectdaria %)erfoliata (L.) A. 
DC.), many violets, certain species of Oxalis, which regularly develop 
special subterranean stems late in summer. Polygala polygatnOf and 
tne beautiful F. paucifiora, Beechdrops {Leptamnium virgiriianum 
(L.) Rab.) likewise develop chasmogamic and cleistogamic flowers 
at rather definite times during the season. In practically all the plants 
mentioned, the conspicuous or chasmogamic flowers may be entirely 
sterile or produce seed only occasionally. As a rule the cleistogamic 
flowers are highly fertile. 

As in the case of the hog peanut, it will probably be found that the 
behavior of many wild plants such as those mentioned, expressing 
itself in the production of several types of flowers, varying from the 
conspicuous chasmogamic forms to the extremely reduced cleisto- 
gamic forms, represents definite responses to varying lengths of day. 
To say the least, length of day shomd now be looked upon as one of 
the seasonal factors which can in some instances exert a profound 
influence not only upon the initiation of flowering itself but upon the 
type of flower and inflorescence produced. 

SUMMARY 


Experiments have been carried out with the hog peanut (Falcaia 
comoaa (L.) Euntze), mving it regulated exposures to daylight by 
means of suitable daik houses to exclude the daylight of early morn- 
ing and late evening. Response to these conditions indicates that 
the blue aerial perfect flowers can develop only when the days are 
not less than 13K hours long. The greenish aerial cleistogamic 
flowers can develop under all day lengtiis ranging from 5 to 131^ 
hours. Control plants (exposed for full day) usually did not develop 
any form of aerial flower until late July or August. The extremely 
:ruaiment^ clinstogamic type of flower borne on the slender, ffliform, 
pearly leaftess stems and giving rise to hypogean pods was able to 
r^ipyeipp under all lengths of day from 5 nours up to IZji hours. 

B evident that the upper liinit inhibiting this development lies 
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somewhere between 13K end 15 hours, the maximum length of day 
of the Washington region. This is indicated by the fact that control 
plants did not produce these hypogean flowers until late July or 
early August. 

The use of weak electric light to supplement the short days of 
winter from sunset until midmght inhibited the development of the 
winter form of aerial cleistogamic flowers. It did not entirely inhibit 
the development of filiform stems bearing the extremely rudimentary 
hypogean flowers when tne additional light was withheld until 17 days 
after germination. In this instance no hypogean beans developed, 
and the filiform stems finally died. In a later test, when the addi- 
tional light was afforded the plants from germination, the develop- 
ment of filiform stems was entirely inhibited. 

In the field length of day seems to operate in fixing the more or 
less regular seasonal incidence of the several forms wMch appear to 
be derived from the normal blue flowers of the species, by gradations 
of reduction of the floral structures until the extreme hypogean type 
is attained. 

These responses under controlled conditions indicate that the sea- 
sonal factor of length of day must be considered a potent influence in 
determining the kind of flowers that the hog peanut will produce. 
While the form of the hypogean bean is detennined entirety by specific 
conditions associated with a soil envu’onment, a specific length of 
day determines the particular type of axillary stem growth and geo- 
tropic behavior that will allow the rudimentary flowers to attain this 
particular environment. 





THE DOWNY SPOT DISEASE OF PECANS ‘ 


By J. B. Demaree, Palhologisi^ and J. R. Cole, Assodale Pathologistf Division of 

Horticultural Crops and Diseases, Bureau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

In 1927 Boyd® reported observing? in southern Georria a new foliage 
disease of the pecan (Hicoria pecan Brit.) and suspected that the causal 
fungus was a species of either Cylindrosporium or Cercosporella. The 
same year Demaree and Cole*^ published a short description of the dis- 

caryigenurn Ell. and Ev. This fungus was first reported by Ellis and 
Everhart^ from specimens of H. cordijormin (Wang.) Brit. {Carya 
amara Nutt.) collected by *Tohn Dearness near London, Ontario, in 
1889. The fungus was later transferred to the form genus Cercospo- 
rella by Hohnel.® The discovery of the perfect form, recorded in 
this paper, has compelled a change of the generic name, the name of 
the fungus now becoming, as will be shown, MycosphaereUa caryigena 
(Ell. and Ev.) n. comb. 

The disease was not noticeably abundant in southern pecan orchards 
in 1926, but the following year it became epiphytotic in restricted 
areas in southern Georgia and northern Florida. In 1928 it was less 
widely distributed, but probably was more abundant than in 1926. 
Because the disease is not a conspicuous one and is not especially 
destructive in Georgia, it may have been present there in pecan 
orchards for a number of years without being recognized as a distinct 
disease. Since 1926 it has been found over a large area in the south- 
eastern part of the United States, including portions of Georgia, 
Florida, Alabama, Mississippi, Louisiana, Arkansas, and Texas, and 
furthermore it has been found to be more destructive in restricted 
localities of the drier regions of Ijouisiana and Texas than elsewhere. 

ECONOMIC IMPORTANCE 

Since the disease has been under observation only a comparatively 
short time, its future economic importance can only be conjectured. 
There was a marked deficiency of rainfall in southern Georgia during 
the season of 1927, the year of the greatest observed prevalence of 
the disease, and future observations may show some association 
between its prevalence and a weakened condition of the trees caused 
by a deficiency of soil moisture, soil fertility, etc. 

Observations made so far indicate that the disease may be a diffi- 
cult one to control should it later prove to be destructive. It devel- 

1 Received for publication July 29, 1931; issued March, 1982. 
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oped unabated in 1927, 1928, and 1929 in orchards where four and 
SIX applications of 20 per cent monohydrated copper sulphate and 80 
per cent lime dust were used for the control of pecan scab. As far 
as the writers are aware, no experiments have been conducted with 
the primary object of controlhng the disease, but observations on 

control have been made in spraying 
experiments conducted for the control 
of other pecan diseases. 

The fungus invasion does not kill 
the affected leaf tissues at first, but 
apparently it does destroy the chlo- 
rophyll in the affected areas, judging 
from the change of color from green 
to yellow. Consequently, numerous 
infections undoubtedly result in re- 
duced photosynthesis. The disease 
has never been known to cause defoli- 
ation during the summer, but badly 
affected leaves ordinarily fall earlier 
than healthy ones. 

There is some difference in the sus- 
ceptibility of pecan varieties to para- 
sitism by the fungus. The Delrnas 
variety has shown greater suscepti- 
bility than others . This variety, how- 
ever, formerly much plated, is not 
now considered commercially valuable 
within the region in which downy spot 
has been found, on account of its sus- 
ceptibility to another pecan disease, 
pecan scab. The Moneymaker and 
Stuart, both important commercial 
varieties, rank next in suceptibility to 
downy spot. Of the other widely 
planted varieties the Frotscher has 
exhibited moderate susceptibility, 
while Schley, Alley, Success, and 
Pabst seem to be quite resistant. 

DESCRIPTION OF THE DISEASE 

The disease first appears on young 
pecan leaves during late spring or 
early summer. The first manifesta- 
tion is the appearance of small, faintly marked, whitish spots on the 
underside of the leaves. These spots are made up of numerous mi- 
nute clusters of conidia issuing from the stomata. The conidia are 
produced in great numbers from each stomatal opening on affected 
areas, and as the clusters enlarge they unite, forming distinct white 
spots from 2 to 5 mm in diameter. (Kg. 1.) The action of dew 
sometimes spreads the conidia over or to one side of the affected 
host tissues as a thin white layer. Heavy rains wash away the coni- 
44, leaving only slight evidence of the affected spots. At first Ihe 
|iL^t tbsues show little or no discoloration as a result of the para* 



F10X7RX L— White spots on the dorsal su^ 
face of a pecan leaSet, formed by the coni- 
dia (tf the downy-spot fungus 
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sitism. As the infections become older the affected tissues turn yellow 
or light brown and are discernible also on the upper side of the leaves. 
The signs of the disease are never especially conspicuous after the 
conidia disappear. The white spots, while not permanent, furnish the 
most striking and descriptive sign of the presence of the pathogene. 

On account of the yellow spots formed by the invasion of this 
Cercosporella, Boyd gave to the disease the name yellow leaf spot. 
Since the puncture of the pecan black aphid {MysocaUis Jumipennellus 
Fitch) causes an even more conspicuous yellow spotting of pecan 
leaves, the writers feel that the name yellow leaf spot would frequently 
be confused with the effect of the apliid punctures, and therefore they 
suggest the name downy spot disease. 

THE CAUSAL FUKGUS 
CONIDIAL STAGE 

The mycelium, although abundant, is confined principally to the 
spongy parenchyma tissues, but penetrates slightly into the palisade 
region. The hyphae seem to be intercellular only. During the early 
stage of the development of the fungus, subepidermal stromata are 
formed immediately below stomatal openings lying within infected 
jireas. From the subepidermal stromata strands of hyphae extend 
through the stomatal openings (fig. 2, A) and form ectodermal 
stromata, from which numerous conidia are produced. There is 
some evidence that decumbent hyphae are formed from the outer 
stromata, from which conidia are also produced. The conidia are 
hyaline, mostly sickle shaped, pointed at the apex, and 2 to 3 septate. 
(Fig. 2, B.) Definite conidiophores have not been demonstrated. It 
is certain, however, that if the conidia are not sessile they must be 
formed on very short stalks. 

Through the kindness of John Dearness, a cotype collection of 
Cylhidrosporium caryigenum was examined by tne writers. The 
conidia of the Canadian hickory specimens are formed from tufts 
of hyphae issuing from the stomata as described above for the form 
on the pecan, and there is no morphological difference between the 
conidia of the two forms except that those on the hickory are slightly 
smaller. Ellis and Everhart reported dimensions of conidia in the 
Dearness collection as 25/a to 40/a by 3/a, and HOhnel reported them as 
25/a to 46/a by 2/a to 3/a. Conidia from the pecan range from 25/a to 
55/a by 4/a to 7/a, being slightly longer and wider than those on the 
hickory, 

FYCNmiAL STAGE 

During late summer small conical pycnidiumlike structures (fig. 
2, D), 43/a to 50/a wide, form on the affected tissu^ that produced 
conidia earlier in the summer. These bodies are at first subepidermal 
and brown, but turn very dark brown or black after they break 
through the epidermis. The body wall is two to three cells thick. 
These structures are filled with nunute rod-^shaped, sporelike bodies, 
which escape through either a circular pore or a narrow slit. ^ These 
bodies, which may be considered as pycnospores, microconidia, or 
spermatia, are hyaline and nonseptate. Repeated attempts to induce 
them to germinate in water have given negative results. 
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Fioxtre 2.— Conidial and asciserous stage of the peoan downy spot fungus, Afgco- 
sphaerella earyiQem. A, Cross section of pecan leaflet showing stromata above and 
and below a stoma connected by hyphae; X MO. B# Conidla; X 440. C, Germi- 
nating oonldlum; X 440. D. Fycnldlum containing sporelike bodies; X MO. E, 
Pecan leaflet showing distribution of peritheda; X )4. F, Cross section of a 
mature peritheclum; X 660, Q, Greatly enlarged asous; X 800. EL Asous show- 
ing shape and arrangement of spores after elongation; X 800. I, Enlarged asco- 
spore; X 1,600. J, Germinated ascospore: X 860 
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PERITHECIAL STAGE 

Primordia of perithecia develop among the pyonidia during the 
latter half of the summer or early fall. These bodies are at first 
similar to the pycnidia in color and shape, but are larger and have 
either a flat or a rounded top. 

The perithecia may develop in groups or in irregular rings surround- 
ing the infected host tissues that previously produced Cercosporella 
conidia. (Fig. 2, E.) Those formed on the periphery of areas that 

f iroduced conidia are larger than those found directly upon the 
esions. If numerous infections of the Cercosporella stage appeared 
on the leaves during the previous summer, the perithecia develop 
more or less uniformly over the entire lower surface of the affected 
leaves. The primordiiim of the perithecium appears first as an undif- 
ferentiated mass of hyaline fungus cells devoid of any evidence of a 
perithecial wall. The perithecifl waU, which is formed during a later 
stage in the dcvelonment of the fruiting body, is composed of several 
layers of thick-walled cells. The ostiole is a mere opening without 
any suggestion of a beak. (Fig. 2, F.) Mature asci have been 
found on fallen leaves during March and April in orchards in southern 
Georgia, but asci developed more rapidly on leaves that were brought 
into the laboratoiy during early winter and placed in moist chambers. 

The asci are hyaline, short, thick, and slightly clavate, and are 
packed closely within the perithecium. When removed from the 
perithecium and placed in water for microscopic examination they 
frequently elongate to twice their original length, or more. (Fig. 2, 
H.) Prior to this elongation of the asci the eight spores are packed 
closely within the confines of the ascus wall (fig. 2, G), but after 
elongation the spores rearrange themselves so as to occupy uniformly 
the increased space formed. The spores are liberated through a pore 
at the apex of the ascus after elongation of the ascus takes place. 
They are hyaline, 1 septate, and the two cells are slightly unequal 
in size. (Fig. 2, I.) The smaller cell of the two points toward the 
base of the ascus. 

PATHOGENICITY AND RELATIONSHIP OF THE DIFFERENT FORMS 

The discovery of perithecia and ascospores on fallen pecan leaves in 
districts where Cercosporella caryigena was prevalent during the 
previous summer suggested a possible relationship between the two. 
Primordia of perithecia were observed developing on lesions caused by 
C, caryigena during late summer prior to leaf fall. Development of 
these primordia was followed through to maturity by frequent macro- 
scopic and loose-mount examinations and by the aid of stained slides 
made at intervals during the development of the perithecia. 

During the fall of 1927 pecan leaves were collected from a locality 
where the downy spot disease was abundant. At the same time 
other leaves were collected in a different orchard where the disease 
was not found. Both lots of leaves were kept out of doors during the 
winter in a coldframe covered mth wire netting. When they were 
examined the following spring it was found that the collection of 
leaves bearing lesions of Cercosporella caryigena produced abundant 
perithecia of the type described herein, and those leaves not having 
lesions of C. caryigena produced no perithecia of that type. 
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Tablo 7. — Summary of data obtained in 1929^ 1930 ^ and 1931 


Item 

Average 
height of 
plant 

Average 1 
weight of 
plant material 

Average 
nitrogen in 
plants 

Average 
nitrogen in 
soil 

Average NOg 
in soil 


P 

O 

1 

P 

Q 

P 

G 

P 

0 


G 

1920 • 

In. 1 

In. 1 

Grams 

Grams 

Per cent 

Per centi 

Per cent 

Per cenl 

P. p. m. 

P. p. m. 

8.4 j 

17.1 

0.87 

2.32 

1.4;i 

1.57 

2.63 1 

0. 1289 

0.1434 

'20.2 

52.4 

1930 k 

16.0 1 

23.5 

23.41 

66.30 

2.46 1 

.1379 

.1485 

11.3 

39.2 

1931 • 

Total comparisons, num- 

11.9 

20.7 

30. 50 

114.90 

1. 65 

2. 56 

. 1447 

. ir>55 

6.5 

47.6 

ber 

Fairs in which O exceeded 

114 

1 11 

L3 

113 

121 

11 

!1 

F, numl)er 

Comparisons in which Q 

113 

112 

112 

104 

111 

excee<1ed P, per cent 1 

99 

99 

90 

86 

t 

12 


Item 


1929* 

1930 k 

1931 • 

Total comiMirlsons, num- 

Fairs in which O exceeded 

P. number 

Comparisoas in which G 
exceeded P, per cent 


AvoraaeNOs 
in incubated 
soil 


\P.p.in 

158.0 


\P.p.m. 

518.0 


Average NOs 
formed dur> 
ing incubation 


P.p.m. 

137.4 


P.p.m. 

465.3 


Average NOa 
In incubated 
soil containing 
cott onseed meal 


P. p. m. 


P. p. m. 


Average NOa 
formed from 
cottoniieed meal 
durina incuba- 
tion 


P. p. m. 


P. p. m. 


Average ni- 
trogen fixed, 
per plate 


Milli- 

grams 


Milli. 

grams 


76. 3 I 323. 4 

fto 

75 

94 


69.7 


275.8 


1,113.6 


1,327.1 


80 

72 

90 


1,040.9 

42 
20 
-f48 


1,004.5 


2.28 


2.18 


43 

20 

47 


• Weight of plant material based upon Individual plant, 
k Weight of plant material from 1 stiuare foot. 

• Weight of plant material from 2 square feet. 


In the 113 comparisons lihe percentage of nitrogen found in the G 
material was greater than that in the P material in all instances 
except one, the actual average percentage of nitrogen being 1.84, 1.57, 
and 1.65 times as great in G as in P. The calculated quantity of 
nitrogen absorbed from the soil per unit urea was, at the time the plant 
material was collected, 4.91 , 4.41, and 4.80 times as great for G as for 
P for the three years under study. These same differences were 
carried through the grain to maturity, for the total quantity of 
nitrogen found in the mature threshed grain from the G area exceeded 
that from the P area by 3.29 and 2.73 times, respectively, for 1929 
and 1931. 

The above values indicate that more nitrogen was available in the 
soil of the spot than in the adjacent soil. The quantitative determi- 
nation of the nitrate nitrogen actually present in the soil gave addi- 
tional information as to available mtrogen, at least at the time the 
samples were taken. These data show that even though four and a 
half times as much nitrogen had been removed from the G soil by the 
growing plants as from the P soil, there was still pre^nt in the G soil, 
for the three years under study, averages of 2.59, 3.47, and 7.32 times 
as much NOg as was present in the P soil Furthermore, of the 121 
^mpwBons, t^re were only 10 in which the P sample contained more 
NOg man the G sample, and the difference in favor of the P sample 
was signmeant in only two instances. (Table 7,) 
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The relatively low NOs content of the P soil, averaging only 6.5 
p. p. m. for the 43 samples collected in 1931, together with the low 
nitrogen content of plant material and the absence of dark-green 
color, indicated that the plants Rowing therein were maintaining the 
nitrate level very near the minimum at which absorption can take 
place, whereas in most of the G soils there was a surplus of available 
nitrogen. 

These data show beyond doubt that more nitrogen was being 
rendered available for plant metabolism in the soil of the spots than 
in the soil immediately surrounding them. The next question that 
arises is, What factor or factors are responsible for this apparently 
abnormal condition? Seemingly, any one or any combination of 
three possible conditions might result in the formation of more avail- 
able nitrogen in the soil of the spots: (1) The microflora of the spots 
might be more efficient in transforming nonavailable nitrogen into 
an available form; (2) the environmental conditions of the microflora 
of the spots under field conditions might be more favorable; or (3) 
there might be present in the soil of the spots more nitrogen capable 
of being readily transformed into an available form. 

Almost conclusive evidence that the efficiency of the microflora of 
the two samples of soil were not significantly different is furnished by 
the 1931 data secured from the samples to which cottonseed meal was 
added and which were subsequently incubated. In the presence 6f 
an excess of organic nitrogen capable of being readily transformed into 
the nitrate condition the soil with the most active or efficient micro- 
flora should accumulate NO3 most rapidly. Under such conditions 
it was found that the average transformation of cottonseed-meal 
nitrogen into nitrate nitrogen was at the rate of 1,004.5 and 1,040.9 
p. p. m., respectively, for the G and P samples. There are certainly 
no indications in these data that the microflora of P was in any way 
less efficient than that of G. 

That the greater quantity of available nitrogen in the spots is not 
primarily due to environmental conditions is obvious from the fact 
that in samples of P and G soil incubated under identical conditions 
of moisture, temperature, aeration, etc., the differences in nitrate- 
nitrogen content m favor of the G soil were not only maintained but 
in many instances were actually accentuated (the initial NOs content 
of G being 2.59 times that of P in the 1929 series, while the NO3 formed 
in G during six weeks’ incubation was 3.39 times that formed in P). 

This leaves as the only plausible explanation a difference in the 
nitrogen content of the soils, either quantitative or qualitative. The 
quantitative total nitrogen analyses of the soil lend considerable 
support to this explanation. Of the 121 comparisons between the 
nitrogen content of P and G, the latter contained a higher percent^e 
of nitrogen in 104 instances, the average difference in favor of G being 
0.0145, 0.0107, and 0.0108 per cent, respectively, for the three years. 
Evidence that the difference in the relative ability of the two samples 
to accumulate NOs is associated with this difference in total nitrogen 
content is presented in Table 5. However, the low correlation co- 
efficient for 1929, together with the uniformly low NO3 accumulation 
in the P and high accumulation in the G samples regardless of the 
total nitrogen content, as well as the absence of a direct quantitative 
relationship between the excess total nitrogen and increased NOs 
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The fungus was grown on the following types of artificial culture 
media: Beef agar, com-meal agar, Lima-bean agar, dextrose agar, a 
mixture of com-meal and potato agar, pecan leaves, watermelon rind, 
and bean pods. 

The reaction of the fungus on each medium used was different. On 
dextrose agar (Difco) it produced a dark-brown to black granular 
thick stroma on the surface of the medium. Little or no aerial 
mycelium was present. The advancing portions of the stroma had a 
creamy to grayish color and were somewhat slimy. The entire stroma 
as seen through a lens had a wet, slimy appearance. On Lima-bean 
agar the exposed stroma was rough or granular and dark brown. The 
stromata were usually covered with a mat of white hyphae, surrounded 
by white to creamy, slimy, submerged portions. 

Cultures on most media fonn conidia and pycnidia in abundance. 
Both conidia and pycnospores closely resemble those occurring 
naturally on the host. Peiithecia have not been known to form on 
artificial media. 

On artificial media the fungus made the most vigorous growth at 
temperatures ranging from 23° to 27° C. Growth is inhibited at a 
temperature of about 5°, but is resumed when the temperature 
becomes more favorable. 

The fungus was grown at the optimum temperature for 60 days on 
com-meal agar, having a hydrogen-ion concentration of pH 3.8 to 
8.5. The best growth was made at pH 6.5. Below pH 4.5 and above 
8.0 growth was very meager. 

SUMMARY 

The conidial stage of the downy spot disease of pecans is considered 
identical with Cercosporella caryigena (Ell. and Ev.) Hohnel, a fungus 
first described by Ellis and Everhart as Cylindrosporium caryigenum 
on specimens of Hicoria cord^ormis collected by John Dearness near 
London, Ontario, in 1889. 

Conidia are produced in great numbers on lesions and form white 
spots 2 to 5 mni. in diameter on the lower surface of affected leaves. 
When the conidia are washed off by rains the lesions appear as incon- 
spicuous yellow or brown spots. The disease has been observed on 
the pecan in Georgia, Florida, Alabama, Mississippi, Louisiana, 
Arkansas, and Texas. 

The perfect stage, Mycosphaerella caryigena n. comb., develops on 
pecan leaves during fall and winter, but does not mature until early 
spring. Proof of the relationship of the conidial and perfect stages 
and of their pathogenicity was demonstrated by comparison on 
artificial me^a and by inoculation experiments. 

A description of the fungus and its growth on culture media is given. 



PHYSIOLOGIC RACES OF USTILAGO LEVIS AND 
U. AVENAE ON RED OATS^ 


By Gboege M. Reed, Curator, Brooklyn Botanic Garden, and T. R. Stanton, 

Senior Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant 

Industry, United States Department of Agriculture 

INTRODUCTION 

The results of a study of smut specimens for the determination of 
specialized races of Ustilago avenae (Pers.) Jens, and U, levis (Kell, 
and Sw.) Magn. are presented in the following pages. This paper 
also reports the identification of a hitherto unknown physiologic? race 
of U. levis which attacks Fiilghum oats. 

REVIEW OP LITERATURE 

p]xtensive data on physiologic races of the fungi that cause loose and 
covered smuts on oats have been published by Reed (4, 5, Oy and by 
Sami)son (7, 8). Several distinct races of both species have been 
identified. Among the races of Ustilago avenae two of particular 
interest attack the Fulghum and Red Rustproof varieties. The 
Fulghum race of U. avenxie is capable of severely smutting Fulghum 
and the closely related Kanota and Frazier strains. In addition, 
several varieties of (*ommon oats, such as Bicknell, Black Diamond, 
Canadian, and Victor, are severely attacked. Ilull-less or naked 
oats and the wild species Avena harhaia Brot. also are very susceptible. 
On the other hand, strains of the Red Rustproof type are extremely 
resistant to this particular race of U. averme. 

The physiologic race of Ustilago avenae which attacks Red Rust- 
proof also is highly specialized. It produces a large percentage of 
smutted jJants on Red Rustproof and the related Nortex. On 
Fulghum and its strains, however, it gives essentially negative results. 
Apparently there is only one variety of the Avena saliva group, 
namely Canadian, that is susceptible. Hu lUess oats also are extremely 
resistant. It is an interesting fact, however, that A. harhata is com- 
pletely susceptible. 

Hitherto no race of Ustilago levis has been known to attack seriously 
Fulghum and Red Rustproof oats. Reed (6*) has shown that Ful- 
ghum occasionally may be slightly smutted by a form of U. levis from 
Missouri, but the percentage of smutted plants is never veiy high. 
Occasional plants of Red Rustproof, apparently smutted with this 
same race, also have been found. 

IMPORTANCE OF FULGHUM AND RED RUSTPROOF OATS 

Variously named strains of the Fulghum and Red Rustproof varie- 
ties of oats are grown extensively in the southern half of the United 


» Received for publication July 17, l»3l; issued March, 1932. The Investiiwtions here reported were 
conducted by the Division of Cereal Crops and Diseases, Bureau of Plant Industry, IT. S. Department of 
Agriculture, in cooperation with the Brooklyn Botanic Garden, Brooklyn, N. Y. Contribution No. 62 
Brooklyn Botanic Garden. 
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States. In the Cotton Belt they are grown almost exclusively, and 
mostly from fall seeding. In the region immediately^ to the north of 
the Cotton Belt they are important spring-sown varieties, especially 
Fulghum and its strain Kanota. Fulghum is now most extensively 
grown in Missouri, Kansas, and Oklahoma, where it has largely re- 
placed the Burt and Ked Rustproof varieties. The last named is not 
altogether satisfactory for spring seeding, owing to its later maturity. 
Prior to the development of Fulghum, early varieties of common 
oats such as Kherson and Sixty-Day also were grown to some extent 
in this area, with generally unsatisfactory results, owing to poor adap- 
tation. Stanton and Coffman (P, 10) have made available informa- 
tion on the importance and distribution of the Fulghum and Red 
Rustproof varieties. 

MATERIALS AND METHODS 

In the si>ring of 1929 the junior writer collected samples of oat 
smut in various parts of the South and forwarded them to the senior 
writer at the Brooklyn Botanic Garden. An identification number 
was assigned to each collection, by which each is hereafter designated. 
Ten of these collections have been tested for their physiologic special- 
ization. The oat varieties used as testers or differential hosts were 
Canadian (seed No.^ 119), Victor (seed No. 126), Fulghum (seed No. 
129), Red Rustoroof (seed No. 131), and Navarro (Ferguson Navarro; 
seed No. 939, C. L* No. 966). 

The inoculations were made by the method described by Reed (d). 
All tests were made under greenhouse conditions at the Brooklyn 
Botanic Garden. 

EXPERIMENTAL DATA 

The reaction of the five deferential hosts to Ustilago levis collected 
from the Fulghum variety, is shown in Table 1. Collection numbers 
and geographic origin are likewise shown. 


Table 1. — Reaction of the five differential hoete to Ustilago levis collected from 

Fmghum oats 


Variety 

1 Collection No. 16; Athens, Ga. 

Collection No. 18; Clenison 
College, S. C. 

Plants 

Infected 

1 Plants 

I 

Infected 

Canadian 

Victor 

Number 

13 

19 

10 

19 

19 

Number 
13 1 
16 
18 1 
0 

0 

1 

Perernf 

100.0 

84.2 

94.7 

0 

0 

Number 

17 
19 
19 

18 
19 

Number 

17 

19 

15 

0 

0 

Per cent 
100.0 
100.0 
78.9 
0 

0 

Fulghum 

Red Rustproof 

Navarro 


Collections Nos. 16 and 18 proved to be typical of the covered smut. 
Both produced liigh percentages of smut on Fulghum. Collection 
No. 16 produced smut on 18 of the 19 plants, or 94.7 per cent, and 
collection No. 18 produced smut on 15 of 19 plants, or 78.9 per cent. 
Collection No. 16 gave 100 per cent infection on Canadian and 84.2 


* Seed numbers designate special strains of the varieties p 

* 0.1. refsTs.to acoeasion number of the Division of C 
Investigations. 


. writer. 

formerly Office of Cereal 
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per cent on Victor, while collection No. 18 produced 100 per cent 
infection on both of these varieties. Red Rustproof and Navarro 
proved highly resistant to both collections. 

The reaction of the five differential hosts to UstUago avenae collected 
from the Norton, Kanota, and Frazier varieties (collections Nos. 8, 
48, and 56, respectively) is shown in Table 2. The geographic origin 
of each collection is also shown. 

Table 2. — Reaction of the five differential hoeta to Uatilago avenae collected from 
Norton, Kanota, and Frazier oata 



('ollectlon No. 8; A. and | 

Collection No. 48; Near 

Collection No. 56; 


M. College, Miss. 

Newton, Kan. 

Lawton, Okla. 

Variety 









j Plants 

Infected 

Plants 

Infected 

Plants 

Infected 


Number 

Number Per cent 

Number 

Number\Per cent 

Number 

1 

Number\Per cent 

Canadian — 

19 

19 100.0 

19 

17 1 

80.4 

20 

20 i 100.0 

Victor 

20 

8 ! 40.0 

20 

1 

.W.0 

18 

17 1 94.4 

rulgliuni 

20 

20 ; 100.0 

20 

20 

100.0 

20 

20 ; 100. 0 

Ued Rustproof 

19 

0 ! 0 

19 

0 

0 

20 

0 ! 0 

Navarro.. ... 

; 20 

1 

Oj * 

20 

0 

0 

20 

1 O; 0 


Collection Nos. 8, 48, and 56 (Table 2) correspond quite closely in 
reaction to the Fulghum race of UstUago levis shown in Table 1. All 
three collections gave 100 per cent infection on the Fulghum variety. 
Very high percentages of smut also were obtained on Canadian. The 
Victor variety gave somewhat variable results, the percentage of 
smutted plants ranging from 40.0 to 94.4. The results with Red 
Rustproof and Navarro were entirely negative. These data are in 
harmony with those reported by Reed (5, 6) for the physiologic race 
of U, avenae on Fulghum oats. 

The reaction of the five differential hosts to UstUago avenae col- 
lected from the Ferguson No. 922, Nicholson Hundred Bushel, and 
Nortex strains of the Red Rustproof variety (collections 25, 53, and 
57, respectively) is shown in Table 3. The geograpliic origin of each 
collection is given in the table. 

Table 3. — Reaction of the five differential hosts to UstUago avenae collected from 
Ferguson No. 922, Nicholson Hundred Bushel, and Nortex oats 



Collection No. 25; 

Collection No. 53; 

Collection No. 67; 


Denton, Tex. 

Stillwater, Okla. 

Lawton, Okla. 

Variety 










Plants 

Infected 

Plants 

Infected 

Plants ' 

! 

Infected 


Number 

Number 

Per cent 

Number 

Number 

Per cent 

Number Number 

Per cent 

Canadian 

19 

16 

84.2 

20 

19 

95.0 

10 

17 

89.4 

Victor _ 




20 

2 

10.0 

20 ' 

1 

5.0 

Fulglium 


0 

0 

i 20 

0 

0 

20 ! 

6 

sao 

Red Rustproof 

20 

16 

75.0 

1 20 

14 

70.0 

20 1 

10 

95.0 

Navarro 

20 

0 

0 

i 

0 

0 


0 

0 


Collections Nos. 25, 53, and 57 are very similar to, if not identical 
with, the previously described form of UstUago avenm obtained from 
Red Rustproof oate (5, 6). The three named strains of Red Rust- 
proof from which the collections were made are typical of the Red 
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Rustproof variety. Comparatively high percentages of smutted 
plants were obtained with all three collections on Red Rustproof, the 
percentages ranging from 70.0 to 95.0. A somewhat iugher percent- 
age of smut (from 84.2 to 95.0 per cent ) was secured with the variety 
Canadian. A few smutted plants of Victor were obtained with two 
of the collections, but no smutted plants whatever were obtained on 
Navarro. Fulghum gave negative results with two of the collections, 
but with No. 57, 30 per cent of the plants, or 6 out of 20, were smutted. 
There is a possibility in this case that the original collection of smut 
was a mixture of the Red Rustproof and Fulghum races. Further 
experiments are necessary to determine whether this is the case. 

Two additional collections from Cowra No. 22 and Colburt (C. I. 
No. 2019) also have given interesting results. The reaction of the 
five differential hosts to UstUago avenae collected from these varieties 
(collections Nos. 46 and 59, respectively) is shown in Table 4. The 
geographic sources of the collections are shown in the table. 

Table 4. — Reaction of the five differential hosts to Ustilago avenae collected from 
Cowra Iso, 22 and Colburt oats 


Variety 


Collection No. 40; K.xperi- 
ment, Qa. 


_L 


Fl»mts 1 

I 


Infected 


Canadian...... 

Victor 

Fulghum 

Red Rustproof. 
Navarro 


Number • NuvUtcr 
1» ; l» 

10 10 

20 3 

20 0 

20 i 0 


Ftr cent 
100 
100 
15 
0 
0 


Collection No. 59; Lawton. 
Okla. 


Plants 


Number 

10 

10 

20 

20 


Infected 


Number 

19 

19 

0 

0 

0 


Per cent 
1(X) 
KKl 
0 
0 
0 


Collection No. 46, from the Cowra No. 22 variety, gave 100 per 
cent infection on both Canadian and Victor. The Fulghum variety 
showed 15 per cent of smutted plants, 3 out of a totd of 20 being 
smutted. Negative results were secured with Red Rustproof and 
Navarro. In its ability to infect Fulghum slightly and to infect Cana- 
dian and Victor heavily, tliis collection is allied to the Missouri race of 
UstUago avenae. The remaining collection, No. 59, gave 100 per cent 
infection on the two varieties, Canadian and Victor, while entirely 
negative results were secured with Fulghum, Red Rustproof, and 
Navarro. 

DISCUSSION 

The most interesting feature of the results of tliis study is the identi- 
fication of a definite specialized race of UstUago Zem Jiitherto unknown, 
which attacks the fhilghum variety of oats. (Ilg. 1.) The two 
collections, Nos. 16 and 18, are typical of this species, and both 
show a high degree of virulence for this type of oat. As yet no 
similar race of covered smut capable of infectmg the Red Rustproof 
variety has been demonstrated. It is, however, veiy probable that 
such a form or race is actually in existence and will be identified sooner 
or later. 

Further experiments are in progress to detennine more definitdiy 
the extent of &e speciaUzation of the new collections. A large number 
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of varieties of oats, representing different types, have been inoculated 
in order to determine their susceptibility. 

Some further discussion of the relationship of such varieties as 
Norton, Cowra No. 22, and Colburt to Red Rustproof and Fulghum 
in connection with their reaction to certain of the 10 smut collections 
reported in this jiaper seems desirable. 

It was to be expected that Norton would show liigh susceptibility 
to UstUago avenae collected from Fulghum. Norton was originated 
as a selection from a cross between Fulghum (Coker Fulghum strdn 
No. 3) and an unnamed gray oat (R~F“3) with side panicle, which 
was obtained as an individual plant from a field of mixed Red Rust- 



Fiouur 1.— Smutted iJauicles of Fulghum oals; A and B Infected with Uatilatjv lem, C and 1) with 
17. avenae. The contrast between the two smuts is very evident 


proof by George eT. Wilds, jr., in 1918. The cross was made a few 
years later by J. B. Norton in the breeding nurseries of Coker^s Pedi- 
greed Seed Co., Hartsville, S. C. 

The close relationship of Norton to the Kanota and Frazier strains 
of Fulghum is demonstrated by the results presented in Table 2. 
On the other hand, relative to plant characters, Norton resembles 
common rather than red oats. These facts undoubtedly furnish fur- 
ther evidence that the inheritance of susceptibility or resistance to 
smut in oats is not linked with morphological characters. 

The Cowra No. 22 (also known as (^uandong) variety was intro- 
duced from Australia. According to Pridham (^, 3) it was originated 
as a selection ffom Ruakura on the Cowra Experiment Farm, New 
South Wales. The latter variety was developed from a plant varia- 
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tion from the Red Algerian (Argentina), a variety belonj^g to Avena 
byssantina C. Koch, morphologically similar to the well-known Red 
Rustproof oat of the South. Ruakura, however, usually has been 
classified as belonging to A. saJtwa L. Cowra No. 22 is similar to 
Ruakura in that it is more or less intermediate in type between the 
varieties of A. sativa and A. byzaniina. In this connection it is of 
interest to point out that differential hosts belondng to both of these 
groups reacted to the smut collected on Cowra No. 22. (Table 4.) 

The origin of the Colburt variety has been reported by Stanton, 
Griffee, and Etheridge (11) and by Coffman (f ). It was developed as 
a plant selection from Burt, a red oat, at AJkron, Colo. However, 
Colburt is an early black common oat (Avena sativa), morphologically 
similar to Monarch. Colburt is a very uniform variety and evi- 
dently represents a mechanical mixture rather than a plant variation 
from Burt. As a consequence, Colburt probably is not closely related 
to such varieties as Fulghum, Red Rustproof, and Navarro. The 
data shown in Table 4 indicate specialization of the race of smut col- 
lected on Colburt to varieties belon^ng to A. sativa. It is very prob- 
able, therefore, that this smut was introduced from Akron, Colo., to 
Lawton, Okla., on Colburt itself. 

SUMMARY 

Results of a study of a collection of smut specimens, mostly of 
red oats, for the determination of specialized races of UstUago avenae 
and f7. /cm are reported. 

The identification of a hitherto unknown specialized race of cov- 
ered smut which attacks Fulghum oats is demonstrated. 

As red oats are grown extensively and in some sections almost ex- 
clusively in the southern half of the United States, the identification 
of a specialized race of covered smut attacking Fulghum may be of 
consiaerable economic importance. 

Of the 10 collections studied, 2 were typical of UstUago levis, and 
both showed a high degree of virulence in attacking Fulghum. As 
yet no similar race of covered smut capable of infecting the closely 
allied Red Rustproof variety has been identified. 
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BLACK SCORCH OF THE DATE PALM CAUSED BY 
THIELAVIOPSIS PARADOXA^ 

By L. J. Klotz, Associate Plant Pathologist, and H. S. Fawcett, Plant Pathol- 
ogist, Graduate School of Tropical Agriculture and Citrna Experintcut Station, 
University of California 

INTRODUCTION 

A fungous disease of economic importance has recently appeared on 
the date palm, Phoenix dactylifera, in the Southwest. The fungus, 
2'hielaviopsis paradoxa (De Seynos) Von Tlohn.,^ has been found attack- 
ing all organs of the palm except the roots and stem, and these latter 
organs have been found susceptible by artificial inoculation. Success- 
ful infections by means of inoculations have been obtained on all pai ts 
of the date palm, and the organism in all cases has been readily 
reisolated. While the total losses from this disease up to the present 
are apparently^ of minor importance, the severity of its attack in some 
instances indicates that it may become so troublesome as to require 
special measures of control. 

DISTRIBUTION 

In the so-called bud-scorch'* form of the malady is widely distrib- 
uted, being present in every garden inspected in the Coachella 
Valley, Cam., and Arizona. It has also been found on ornamental 
date palms at Riverside, Calif. Other workers have found that the 
fungus parasitizes a number of plants, including areca palms, oil palms, 
sugarcane, coconut, and pineapple. Edgerton (.'5?)'^ describes it as caus- 
ing great damage to sugarcane. Although it has not been reported as 
occurring on Citrus, the writers have found that it produces a firm, 
dark, smoky-colored, pleasantly aromatic decay when introduced into 
wounds of citrus fruits. In India, Sundararaman, Krishnan Nayar, 
and Rainakrishnan (11) have shown experimentally that it is capable 
of attacking plantain, mango, JSaccharum spontaneum, Rhapis sp., and 
the date palm. Except in the abstract by Klotz and Raby {8) and 
in papers by Fawcett (4) and Klotz (7), it is believed that the organism 
has never been reported as attacking the date palm naturally. On 
preserved specimens of apparently the same disease collected by 
Fawcett (4) in Egypt, A^cria, and Txmisia, the writers have found 
conidia typically like those of Thielaviopsis. How seriously the fun- 
gus attacks the inflorescences and lessens the quantity of fruit depends 
upon weather conditions preceding and during the time of emergence 
of the spathes. It is likely that mildly warm, moist weather accom- 
panying or alternating with windy weather favors distribution and 
infection. The optimum temperature for growth of the fungus lies 
between 24® and 27K° O. The manner in wtiich the conidia are borne 
(in extremely long chains, which readily break up into small groups 
and single conidia) favors distribution by wind. Germination of the 
spores on glass is possible only in the presence of water in liquid form. 

1 Received for publication Aug. 4, 19.^1; issued March, 1932. Paper No. 257, University of California 
Graduate School of Tropical Agriculture and Citrus Experiment Station, Riverside, Calif. 

* Identified by J. A. Stevenson, of the Division of Mycology and Disease Survey, Bureau of Plant Indus* 
try, U. S. Department of Agriculture. 

* Reference is made by number (italic) to Literature Cited, p. 165. 


Journal of Agricultural Research, 
Washington, D. C. 


( 166 ) 


Vol. 44, No. 2 
Jan. 15, 1932 
Key No. Callf.-59 




166 


Journal of Agricultural Research 


Vol. 44, No. 2 


SYMPTOMS OP THE DISEASE 

ON SPATHE. FRtJITSTALK. AND FRUIT STRANDS 

As shown in Figure 1, the parasite attacks the young fruitstalks 
and fruit strands even before the spathe has ruptured. On the spathe, 
circular to elongated lesions mark the points of entrance of the disease. 
These lesions rtuige in color from sorghum brown (Ridgi^^ay)* on the 



FiGUBB 1.— Female Spathe jcut opei^ito show (A) black s(»rdi on inflorescence, the gnarled and 
twisted itttlt stTahds being devoid of flowers; (B) lesions on fUiltstalk 


exterior surface to mahogany red or bay on the interior surface. On 
removal of a portion of the infected spathe it was found that the fruit* 
stdk bore depressed, brown (warm blackish) to black necrotic areas, 
which were circular to oblong in outline. The twisted deformed fruit 
strands of the specimw shown in Figure 1, A, were entirely diseased. 

< RlUQWiT. B. COLOB STAin>4BD8 AND COLOB NOMSNaATUBS. 43 p.,Ulua. Washi&gton. D. C. 1912. 
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They were blackish brown to black in color, and were devoid of 
flowers. Microscopic examination showed them to be covered by 
the typical dark-brown, unicellular, oval conidia. The strands of 
fruit bunches that were attacked later in their development showed 
blackened, depressed lesions (fig. 2) similar to those on the fruitstalk, 
and some were completely severed by the decay. The affected tissue 
was in all instances dry and firm and each area bore the black powdery 
spores. A gray covering on some of the lesions was found to be due 
to conidia of Fusarium sp. A species of Fusarium was later found as 
the primary cause of a decay of certain male inflorescences of the date 
palm. Inoculations hy means of spore suspensions of Thiel aviopsis 
nto young spathes wmch were just beginning to crack open showed 
that woimding was imnecessary for infection, the typical dark lesions 
being produced on the young tender fruit strands and fnritstalks. 

ON TERMINAL BUD 

The effect of the disease on the palm bud and heart is even more 
serious than it is on the fruitstalks. The pathogene gains entrance 
to the succulent tissue through a wound or puncture, and its progress 
in this vital region is very rapid. The entire terminal bud and ad- 
jacent leaf bases may succumb, eventually presenting a dried, dull, 
blackened, charcoallike appearance. Two large date seedlings in 
boxes in the greenhouse were killed by inoculations at the base of the 
young central leaves. In four of the five cases observed in the field 
the entire bud was not killed but grew out laterally, producing the 
so-called ^‘fool disease” effect (called by the Arabs “medjnoon”). 
It is believed that in California Thielaviopsis paradoxa is the principal 
organism causing this peculiar trouble. Eventually, the entire bud 
regenerates from the uninjured portions of meristematic tissue and 
returns to its normal vertical position. High temperatures and rapid 
growth of the palm may be the factors that operate to prevent the 
disease from terminating fatally in all instances. On laboratory media 
the fungus makes very little growth at 32° C. or above. 

ON THE PETIOLE, MIDRIB, AND PINNAE 

The blackening of the midrib of fronds that usually accompanies the 
bud-scorch form of the disease may frequently be due to the same 
organism. The black, irregular, rough, necrotic condition of the 
leafstalk (fi^. 3) is the most striking symptom of the disease. It gives 
the iinpression that the tissues have been burned, and suggests the 
name selected for the disease — ^black scorch. The cross cuts and V 
cuts so commonly found near the base of a midrib present an ideal 
entrance for this and other fungi. 

Ashby (Jf) and Orian (9) have reported the fungus as attacking the 
pinnae of the freshly opened leaves of coconut palm. “Pale yellow 
spots with a brown margin develop on the furled pinnae. Later 
the lesions elongate, converge, and turn black, owing to the presence 
in the tissues of spores of the fungus. Infection spreads rapidly 
through the pinnae, and in severe cases the heart leaves dry up.” 
This, so far as it goes, is an accurate description of the course of the 
disease produced by the writers on a large seedling in the greenhouse. 
On this seedling and on material collected in the field, the midribs and 
pinnae had circular to dongated irregular spots, which in some in- 
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stances were as wide as the pinnae and as much as 5 centimeters in 
length. Artificial wounding was unnecessary to secure infection on 
the petiole, midrib, and pinnae. The fungus readily invaded the 
margin of the petiole where the fibers originate. Twenty days after 



Figure 2.~-Black-scorch lesions on fruit strands, X 3^ 


spores were placed on a leaf of a seedling palm, both edges of one 
petiole had lesions 3 to 10 millimeters in depth and 150 mij^eters in 
length. (Fig. 4, A.) In the chloropbyll4ess r^on of the petiole 
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base, the lesion was yellow ocher in color,® and in the green region, Dres- 
den brown. The outer margin of the lesion was dark brown to black, 
while the inner margin was a light chestnut brown. The central area 



Figure 3.— Deformed young date fronds showing charcoal like effect that follows infection by black 
scorch; the fungus may accompany the deformity but does not necessarily initiate it 


(17 by 10 millimeters) of a typical isolated spot (20 by 16 millimeters) 
on the dorsal surface of the same petiole (fig. 4, A) was chestnut 
brown, bounded by a narrow margin of deep brown to black. Black 


» Riogwat, R. op. olt. 
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spore masses were scattered throughout this area. Surrounding the 
inner area was a band 2 to 3 millimeters in width and yellow ocher in 
color. The margin of the band was a light chestnut brown. Figure 
4, B, shows typical spots on the pinnae. These ranged in size from 
microscopic to 20 by 8 millimeters. Their color characters were 
similar to those given for the spot on the petiole. However, as a 
lesion on a ^inna dries, the chestnut-brown center gradually becomes 
lighter until it is a warm buff. 

Several midrib bases of the second whorl of fronds on a la:^ seedling 
offshoot were inoculated by placing the fungus in a 3-millimeter hole 



FiauRv 4.-~Lesion8 on petiole base (A) and pinna (B) produced by fungus in absence of 
wound. The petiole margins where the fibers originate should be considered as wounded 
tissue 


made with a cork borer. The wound was covered with adhesive tape 
until the organism had become established. In four weeks the fungus 
on one frond had produced an oval lesion 9 centimeters wide and 15 
centimeters long, almost enveloping the midrib and causing it to 
break. Extendmg for a total length of 45 centimeters up and down 
the surface of the midrib beyond the lesion was a linear series of cir- 
cular water-soaked areas each about 12^ millimeters in diameter. The 
fungus was reisolated from the water-soaked area most remote from 
the point of inoculation, which shows that the organism invaded new 
tissue at the rate oi at least centimeters per day ior SO days. The 

gtay hi htwh and tiae 
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pinnae beyond turned gray as they dried. Internally the lesion was 
light drab to ^ne in color toward the advancing edges, with smaller 
orange to reddish-brown streaks extending far up and down the mid- 
rib. (Fig. 5.) These streaks were directly under the water-soaked 
areas that appeared on the surface. The pathogene was readily 
reisolated^ from any portion of the affected tissue. Eventually the 
invaded tissue turned black owing to the production of fuscous spores 
by the causal fungus, likewise, inoculations of any pruning cuts 
and the cut surfaces of midribs and spines were invariably successful, 
the infected tissue dying back several inches and evontuaUy becoming 
blackened and covered by fungous spores. 

ON STEM AND ROOT INDUCED BY ARTIFICIAL INOCULATION 

To test the susceptibility of the trunk or stem of date palm to the 
fungus, the old leaf bases were cut away, the surface cleaned with 
alcohol, and a portion of an ^ar culture inserted in a hole made with 
a quarter-inch cork borer. The inoculation was covered with adhe- 
sive tape. Five weeks later an examination revealed a zone of dead 
and dned brown tissue extending in all directions from the point of 
inoculation. The dark spores of the fungus were present in this 
region. Beyond the dead tissue was a narrow, pinkish zone about 
G millimeters in width, and beyond that a tumeric-yellow band about 
25 millimeters wide. The diseased tissue extended 7 to 10 centimeters 
from the focus of infection. It was brown to drab in color beyond the 
yellow zone and had no well-defined margin. It is difficult to deter- 
mine the extent of diseased areas because the excised tissue darkens 
rapidly in the air. ® 

Roots of the date palm were likewise tested. On the northwest 
side of a seedling palm, 15 roots about 12 millimeters in diameter were 
carefully uncovered. Eight of these wore inoculated; some by simply 
placing agar inocidum on the unbroken surface, and others by inserting 
the fungus in a 12-millimeter lon^tudinal slit made with a scalpel 
and covering the place of inoculation with moist cotton and waxed 
paper. All of the inoculated roots decayed, the affected portions 
being a soft, moist, brown decay which became a darker brown as the 
fungus fruited. In five weeks "the affected tissue extended from 5 to 
15 centimeters in both directions from the point of inoculation along 
the root. The inoculated roots, wounded and unwounded, showed 
no decay. The organism was reisolated from the diseased stem 
and roots. 

VARIETAL SUSCEPTIBILITY 

The midrib-scorch form of the disease has been found on all varieties 
of date palms growing in the Southwest, except the Tazizaoot. 
Although the fungus was first found causing inflorescence decay on 
the Deglet Noor, this variety in the Coachella Valley is perh^s one 
of the least susceptible to other forms of the disease. The Thoory 
variety appears to be very susceptible to the midrib-scorch form of the 
malady. The fibers of the midribs of the outer whorls of leaves seem 
to bind, and as growth proceeds from the center, to injure the young 
emerging fronds, thus affording an excellent opportunity for infection 

• R. B. Streets, of the University of Ariwna, at the 1930 Date Growers' Institute reported orajy on a 
disease of the stems of neglected date palms in Arisons having symptoms similar to those on trunk ti^e 
described hem. The name of the organism was not mentioned at the time, but later Jt was identihed as a 
speoiea of Tbielavia 

107818—32 6 
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by the black-scorch fun^s, even in the absence of moisture. Winds 
probably accentuate this type of mechanical injury. The cross cuts 



F10UB8 5.— Diseased internal tissues of petiole produced by artificial inoculation with the 
blaok-Bcorob organism 


and V cuts mentioned earlier probably have the same ori^. The 
abundance of the disease on the Theory variety may be £ie to the 
greater incidence of this type of ipjxiry on that variety. 
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The Hayany, Amhat, Saidy, and Halawi varieties are likewise very 
susceptible, perhaps more so than the Deglet Noor. The disease 
was observed also on the Zaheedy, Menakher, Baklany, Guntar, 
Haloo, Fteemy, Besser Haloo, Nakleh-Zian, Sukar-Nabat, Horra, and 
and Koroch, but the number of individuals was too small to permit 
reliable comparison. 

THE PATHOGENE 

Patterson, Charles, and Veihmeyer (10) discuss the origin and 
synonymy of the fungus, stating that De Seynes found it on pine- 
apple and described it under the name S'poroschisma fmradoxfam. 
Saccardo in 1892 gave it the genus name Chalara, the binomial be- 
coming Chedara paradoxa (De Seynes) Sacc. The next year, Went in 
Java described a serious fungus disease of pineapple an<l designated 
the pathogene by the new generic name Thielaviopsis because it 
produced hyaline conidia endogenously in a manner similar to that 
of the genus Thielavia Zopf, and by the specific name ethaceticua 
because of the production of a pleasant, strong odor resembling ethyl 
acetate. Von Hohnel (J) observed that the fungus of De Seynes 
and that of Went were identical and established the priority of the 
specific name of the former, calling the fungus ThMamomis paradoxa; 
hence, Thielaviopsis paradoxa (De Seynes) Von Ilohnel.^ Butler (2) 
states that he found also a py<;nidial stage of the fungus which might 
place it in the genus Sphaeronema. The pycnidia were globose, 
hairy, and ostiolate, the ostiole being at the tip of a long bristlelike 
neck. The i^cnidiospores were small (10 to 12/4 by S/i), hyaline, 
unicellular. Patterson et al. (10) mention the appearance of pycnidia 
in their cultures of the fungus, but do not describe this stage. Thus 
far the writers have observed no pyciiidial stage on specimens or on 
the various laboratory media. 

The literature in general describes the fungus as having creeping, 
almost hyaline hyphae which bear two spore forms: Microconidia, 
which are small (10 to 15/i by 3.5 to 5/i), cylindrical, hyaline, and 
formed uniseriately within a hyphalike conidial case; and mac.ro- 
conidia (16 to lO/x by 10 to 12/*), which are extruded in chains 
from the tips of short lateral hyphae, and which are brown, thick- 
walled, and ovate. Grown on glucose-potato agar at 27° C., a 
culture 2 weeks old had conidia of the following dimensions: The 
so-called macroconidia with thick walls, length 11 to 17/4, width 
7 to 15/x; brown conidia that were extruded froni conidiophores of 
the same morphology as those that bear the hyaline so-called micro- 
conidia, length 6 to 23 /z, width 4 to 8.5/*; and hyaline microconidia, 
length 5 to 15/4, width 3 to 7/4. The contents of both kinds of 
conidia vary greatly and may be very guttulate and granular to 
perfectly homogeneous. As shown in Plate 1, a, the typical conidio- 
phores bearing the microconidia are much elongated and swollen at 
the base, while those bearii^ the macroconidia (pi. 1, 6) are approxi- 
mately half as long as the first and of uniform diameter. However, 
these distinctions as to spores and conidiophores are very artificial, 
as one finds all gradations in size, color, and shape between the 
extremes described, and all the conidia are probably produced en- 
dogenously, although some are pictured which appear to originate 

7 Dad^ (Ma) bas found a fungus of tbe genus Oeratostomella which he considers to be the perfect stage 
of ThManoptif paradoxa; tbe name of the organism would thus become CeratogtomeUo paradoxa. 
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acrogenously. In germinating on glucose-potato agar, the protoplast 
of the mature macroconidium bursts through a longitudinal slit and 
forms a globule of naked protoplasm which proceeds to grow into 
mycelium. (PL 1, c.) In water, the conidia germinate directly 
by sending out a germ tube. Apparently the brown conidia need a 
rest jperiod before they will germinate. The hyaline conidium 
gemnnates readily without a rest period, sending out one (pi. 1, d), 
occasionally two, germ tubes from any place on its periphery. The 
hyphae are subhyaline with cross walls and show a strong tendency 
to anastomose and to form branches at right angles to the parent 
hypha. (PI. 1, c.) 

PATHOLOGICAL HISTOLOGY 

The cells of affected tissues turn brown as both walls and lumen 
become filled with gum. The formation of gum in palm fronds is 
not peculiar to this disease alone, for any wound induces a tendency 
to the formation of pentosanlike substances. In some sections the 
hyphae appear commetely to fill some of the tracheae and paren- 
chymatous cells. (Pi. 2.) These hyphae and the gum that forms 
in the pathological tissues may become so abundant as to interfere 
seriously with the transpiration stream and produce a permanent 
wilting of the pinnae several feet beyond the region invaded by the 
fungus. In addition to the intracellular growth, the fungus is found 
abundantl;^ in the intercellular spaces but does not ajjpear to grow 
in the region of the middle lamwae. Abundant fruiting occurs on 
the surface of a lesion and, as the decay progresses, within the dis- 
integrated tissues. 

CONTROL 

In the West Indies, dipping in 4~5«-40 Burgundy or Bordeaux 
mixture gave adequate control of the disease on sugarcane sets. 
In Jamaica, where the malady occurs on coconuts, the diseased 
tissues are excised and the wounds dressed with a mixture of equal 
parts of copper sulphate, salt^ and lime. Patterson et al. (10) found 
formaldehyde gas (1,200 cubic centimeters commercial formalin per 
1,000 cubic feet) effective in controlling the fungus on pineapples, 
even when the organism was inserted to a depth of half an inch. 
Simraonds ® in Australia has utilized both benzoic acid and boric 
acid effectively in controlling decay of pineapples. In this work the 
copper fungicides were less effective than the two organic acids. 

in the case of date palms it seems advisable to prune out the 
affected fronds, leaf bases, and inflorescences, and to protect the 
pruning cuts and surrounding tissues with some disinfectant. Some 
preliminary laboratory experiments made by the writers indicate 
that copper sprays and dusts may be effective. Bordeaux dust, a 
5-5-50 Bordeaux mixture, and ammoniacal copper carbonate in- 
hibited germination of the conidia in a weak glucose-potato broth 
or in 10 per cent sucrose solution, the last-named fungicide being 
slightly less effective than the Bordeaux. Calcium monosulphide 
dust, dry lime sulphur, liquid lime sulphur, 1 per cent boric acid, 
1 per cent benzoic acid, and 1 per cent formalin were likewise effective 
in inhibiting germination. All the chemicals in liquid form except 


^ oommutkleation. 



Black Scorch of the Date Palm PLATE 1 



Left, photomicrographs, X approximately 200; right, tracings of photomicrographs show- 
ing: a, Mlcroconidiophore with endogenous hyaline conidia; b, macroconidiophores 
with fuscous macroconidia; c, macroconidium germinating; d, microconidium germi- 
nating; e, anastomosing hyphae, X approximately 400 




A, Pliotomlcrograph of tiypba in parenchyma of petiole, X approximately 320; B, tracing from 
a photomicrograph of transverse section of petiole, showing nyphae In trachael tubes and in 
parenchyma, X approximately 160 
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the formalin were atomized onto glass slides and allowed to dry before 
the spore suspension was applied with an atomizer. Flowers of 
sulphur dust under the conditions of the experiment was entirely 
ineffective in preventing germination. 

SUMMARY 

A fungous disease of economic importance has been found on date 
palms in California, Arizona, and northern Africa. A preliminary 
survey indicates that all varieties of the date palm arc probably 
susceptible. The disease has been found occurring naturally on all 
parts of the plant except the roots and stern, and these latter organs 
nav('. by artificial inoculation been found to be readily susceptible. 

Typical lesions arc dark brown to black, hard, carbonacjeous, and 
in mass give the petioles, midrib, fruit strands, and fruit stalks a 
scorched appearance, which suggests ^4)lack scorch” as the common 
name. Many of the fruit strands may be completely severed by the 
attack and the crop materially lessened. Wounding was shown to be 
imnecessaiy for infection of the root, fruit strands, petiole, and pinnae. 
Tlie decay is most serious wJien it attacks the tonninal bud, cither 
killing the palm, or, when not fatal, producing the so-called ‘^fool 
disease” effect, in which the injured terminal bud grows out laterally, 
Slotting the nonrial growth of the palm back several years. 

Both the hyaline and the broi^ii spores of the fungus Thielaviopsis 
paradoxa (De Seynes) Von Jlohnel are found on the surface of the 
lesions. The conidia originate endogenously in uniseriate chains from 
subhyalinc c-onidiophores. The optimum temperature for the 
fungus in culture lies between 24° and 27 ) 2 '^ C.; it makes yciy little 
growth at 32°. The brown spores apparently need a rest period before 
germination. The hyaline conidium genninates readily without a 
rest period, sending out one, and occasionally two, germ tubes from 
any place on its periphery. In genninating on glucosc-])otato agar 
the protoplast of the matuiMi macroconidium bursts through a longi- 
tudinal slit, liberating a globule of naked protoplasm wdiich proceeds 
to grow into mycelium. The hyphae are subhyaline with cross walls 
and show^ a strong tendency to anastomose and to form branches at 
right angles to the parent hyphae. 

A histological study of tlie petiole of a diseased frond show’^ed the 
fungus growmig intracellularly in tracheae and partmehyma and 
intercellularly in the intercellular spaces but not in the middle lamellae. 

To control the malady, the aflTected fronds, leaf bases, and inflo- 
rescences should be pruned out and the pruning cuts and sunounding 
tissues protected with some disinfectant. Preliminary experiments 
indicate that copper sprays, dusts, and various other chemicals may 
be effective. 
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THE GLOSSY CHARACTER (gh) IN MAIZE AND ITS 
LINKAGE RELATIONS ^ 

By H. L. Thomas 2 

Research Assistant^ Division of Agronomy and Plant Genetics, Minnesota Agri- 
cultural Experiment Station 

INTRODUCTION 

Glossiness in maize seedlings is inherited as a simple Mendelian 
recessive. At least three genetically different types of glossiness have 
been discovered, each dependent upon the homozygous recessive con- 
dition of a single factor. Glossy seedlings are characterized by a 
shiny, smooth, waxy appearance. A normal maize seedling has a 
slight silvery sheen on the surface which a glossy one lacks. When 
glossy seedlings are sprinkled, the water collects in drops on the 
surface of the leaves, while in normal seedlings the leaves shed the 
water coinjdctely. C^lassification of the two types in a segregating 
generation is therefore facilitated by sprinkling the leaves with water. 
Glossiness is apparent as soon as the leaf emerges from the soil, and 
may be observed until the plant is about 20 to 30 indies tall, when 
it begins to fade. By the time inflorescences are formed this char- 
acter can no longer bo difterentiated. 

The purpose of this study was to determine the normal mode of 
inheritance of glossiness in seedlings and its linkage relations, 
and also to investigate the physical properties of the character and 
its effect upon the vigor of plants possessing it. 

REVIEW OF LITERATURE 

During the last 20 years knowledge of linkage relationships in 
maize has developed to a point where the completeness of the chromo- 
some map is second only to that of Drosophila. The comparative 
case of culture, wide range of adaptation, type of inflorescence, large 
number of seeds per oar, and numerous observable gcuietic. characters, 
all combine to make maize a good subject for genetic studies. 

Beginning in 1929, Emerson and his coworkers at Cornell have 
each year summarized all the available linkage data in maize. The 
1930 compendium lists approximately 100 genes combined into 10 
linkage groups,® Populations for each cross are large, ranging from 
500 to as many as 300,000 plants. Several 3-poiiit relationships are 
given. 

In 1921 Brunson discovered the strain now known as glu in a fli’st- 
year self progeny of a yellow dent corn from Illinois. A report of 
this discovery has never been published. In 1924 Kvakan {8y 
reported a linkage relation of glossv seedling and brown aleurone. 
This was the first reference to the glossy character in the literature. 


1 Hewivod for publication Juno 16, 1931; issued March, 1U31. Presented to tlic faculty (»f the graduate 
school of the University of Minnesota in partial fulfillment of the re(]uireincuts for the degree of doctor of 
philosophy. Paper No. 1029 of the Journal Series, Minnesota Agricultural Experiment Station. 

* The writer wiahos to express his thanks to Pr. IT. K, Uayes, Chief of the JJivision of Agronomy and 
Plant Genetics, University of Minnesota, for his help in the conduf't of this investigation. 

* This material was as yet unpublished when the present paper was submitted. 
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The strain of glossy used was the simple Mendclian recessive dis- 
covered by Brunson, which has since been named gli. The linkage 
relations of glossy seedling (gli) were summarized by Brunson in 
1926 (2). 

Hayes and Brewbaker ( 4 ) studied glossy seedlings in maize and 
made crosses between various strains. They described the appear- 
ance of glossy seedlings and reported two new ones phenotypically 
indistinguishable but genotypically distinct from the one obtained 
by Brunson. The 3 strains were designated gh (Brunson’s), gk, 
and glz. Like gli, the new strains were each simple Mendelian reces- 
sives. It was stated that glossy seedlings appear rather frequently 
in selfed strains from various varieties. The results from crosses of 
14 unknown glossies were given, each of these proving to be some one 
of the 3 rojjorted. 

In addition to establishing the existence of the two new glossy 
strains, Hayes and Brewbaker (S) found gh to be linked with FI 
(flinty endosperm). Finally, in 1930 Brewbaker and Hayes (i) 
published extensive data on the B-lg group, concluding tnat the 
order of the genes appeared to be (v 4 -Fl-tsi)?-sk-gl 2 ’’lg- 

Except for a brief description of the glossy character by Hayes 
and Brewbaker (4), no investigation of the anatomy of glossiness 
appears to have been reported. 

APPLICATION OP ORGANIC SOLVENTS TO THE LEAF SURFACE 

AS A MEANS OF ASCERTAINING THE ANATOMICAL NATURE OP 

THE GLOSSY CHARACTER 

As was stated earlier, sprinkling with water helps in differentiating 
the two types of seedling. Water will collect in drops on a glossy 
leaf but is shed by the leaves of normal seedlings. This distinction 
may be due to a difference in interfacial tension between the two 
systems concerned, that is, water-glossy and water-normal inter- 
faces. If a normal leaf is held in a level position a drop of water 
may be balanced upon it. However, the drop will be almost spheri- 
cal and with the slightest tipping of the leaf will roll rapidly in one 
direction or the other. On a glossy leaf a drop of water of the same 
size will be flat and will generally adhere to the leaf even when the 
surface plane is in a vertical position. Sometimes the water will 
spread out to form a rather thin film over the leaf surface, though at 
ordinary room temperature it usually remains in drops. 

If a normal leaf is sprinkled with ethyl alcohol the results are very 
similar to those produced by an application of water to a glossy leaf. 
Drops of alcohol about the same size and appearance as drops of water 
on ^ossy leaves form on the normal surface. At 20® C., or about 
room temperature, the surface tension of water is 72.8 dynes per cubic 
centimeter while that of ethyl alcohol imder the same conditions is 
only 21.7 dynes per cubic centimeter. This fact indicates that the 
difference in the ability of the two seedling types to collect water 
drops is due to interfacial tension. 

Further observations are compatible with those just mentioned. 
Alcohol applied to glossy leaves quicldy spreads out mto a thin film. 
Salt water or ice water, both of which are a little higher in surface 
tension than pure water at room temperature, are readily repelled 
by normal seedlings. What appears to be a similar increase in inter- 
facial tension can be seen when ice or salt water is placed on glossy 
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leaves, though drops will still be formed. Since normal leaves are 
so completely free from water and the drops on glossy ones are fairly 
frequent, a bed of segregating plants sprayed with salt solution or 
ice water can be classified a little more readily than when the usual 
method is used. 

Glossy seedlings are slightly more transparent than normal ones. 
This fact can best be observed by examining plants that are deficient 
in chlorophyll but segregating for glossiness. When a glossy and 
a normal loaf from white or very light colored virescent seedlings 
are held up to the light, the glossy leaf will appear more trans- 
parent. If the leaves are soaked in chloroform for 5 to 10 minutes 
this difference will disappear and the normal will transmit as much 
light as the glossy. Furthermore, if a normal green seedling is washed 
thoroughly with chloroform or immersed in it for about five minutes 
it will become almost indistinguishable from a glossy plant. After 
this treatment the normal seedlings will collect water drops just 
as do the true gjossy ones. The same effect may be produced with 
ether, but not W’ith alcohol. It should be mentioned that after the 
chloroform washing, although normal leaves will collect water readily, 
the shape of the drops suggests that the interfacial tension is slightly 
higher than on real glossy leaves. However, this point requires 
further investigation with more refined technic. 

Figure 1 shows a glossy seedling and a normal seedling on which 
one leaf was treated with chloroform as described above. 

It is significant that dried leaves may also be classified into normal 
and glossy by means of the water test. If the shape of the epidermal 
cells had any great influence on the glossy properties it would seem that 
drying the leaves should destroy the difference. Furthermore, the 
treatment of dried normal leaves with chloroform w^ill make them 
appear like glossy ones, as in the case of fresh leaves. 

COMPARISON OF YIELDS FROM GLOSSY AND NORMAL PLANTS 

A measure of the possible reduction in vigor, if any, associated 
with the glossy condition was obtained in the following manner. 
A segregating generation of the corn was grown in rows 3 feet apart 
with single plants in each hill and the hills 1 foot apart. One hun- 
dred and twenty-seven pairs of glossy and normal plants growing side 
by side wore selected, and when mature, the ears of each plant were 
harvested individually. Care was taken to avoid having vacant hills 
either, between the normal and glossy or in the nearest space on either 
side of the pair. The corn was then dried to a uniform moisture basis 
and the weight taken. In 61 of the pairs the normal plant w^as the 
more productive; in the other 66 pairs the glossy plant w^as the more 
productive. The average yield of normal plants wras 102.09 gm. and 
of the glossy plants 100.44, a difference of 1.65 ±4.32 gm. In har- 
mony with common observation, these results indicate that the pres- 
ence of the glossy character detracts little, if any, from the general 
vigor of the plant. This vigor of homozygous glossj strains is one of 
the things that make the character particularly desirable for inherit- 
ance studies. These results indicate that the glossy character may be 
valuable as a marker in inbred lines or in crosses of corn used for com- 
mercial production, so that off pollinations may be readily detected 
and rogued out. 
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Fiquhb 1.— a, Typical gloasy make seedling tiiat has been sprinkled with water. Note the water 
Bwering to the surface. B, Normal maize secdUng. The lowermost leaf has been washed with 
eoloroform and the whole idant subsequently sprinkled with water. Several drops of water 
^may be eeen on the one leaf that is a ^'manufhotured ’* glossy 
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INHERITANCE STUDIES 


METHODS 

With a view to finding its linkage relation, a pure gh culture was 
crossed with as many chromosome “markers” as were available. 
The work was started in 1927. The Fi progenies from these crosses 
were back crossed to the double recessive in each case when it was 
practicable to do so. Some difficulty was experienced in getting 
double recessives. Where back crosses were not made the Fi progenies 
were sclfed to produce an F 2 population, and segregation of glossy in 
relation to the other character was studied by that means. 

Since the glossy character may be differentiated in the seedling 
stage, a cross involving any other seedling difference or an endosperm 
character may be grown in the greenhouse and counts made there of 
segregating generations. This fact was taken advantage of in study- 
ing the crosses of gli with Ig^ sh, wx, flj and the four alcurone color 
factors Ay C, Ry andiPr.® 

The recombination values from the back crosses were calculated 
by dividing the number of crossover gametes by the total number, 
since the constitution of the gametes produced by an Fi progeny can 
bo read directly in a back cross. In the case of the F 2 populations, 
recombination percentages and theii* probable errors were calculated 
from tables compiled by Immer (6), which are based on the work of 
Fisher and Balrnukand (S), 


Tahle 1. — Linkage relations of gh the su-Tu group in maize 


Culture No, 

Year 

Gene 

Linkage phase 

Number of individuals « 

Total i 
nopu- 
lotion 

Recombi- 

nation 

percentage 

Afi 

Ab 

aB 

1 

ab 

Ti7(i. 

1928 

gu 

Repulsion Fa,. - 

2,078 

78 

6r>3 

924 

43 

3,698 

686 

26.1d=0.4K 

I 1200 XiI 210 

1929 

su 

Repulsion, back cross... 

2 f>r> 

271 

82 

23. 3±1.08 

ii26oxrr9 

1930 

JIM __ 

Repulsion - 

148 

576 

614 

109 

1.607 

26. 6± .77 

1126X1177- 

1928 

2\l 

do 

1,093 

! 172 

107 

1,195 

2, 667 

10.88d= .41 


• Aa stands for Oh gh; Bb rci)ri 3 soiits the other factor pair. 


LINKAGE RELATIONS OF Gh WITH THE GROUP 

Table 1 gives the results of two back crosses and of one F 2 popula 
tion which show that gk is linked with su. The F 2 generation, con- 
sisting of 3,698 individuals, gave a recombination percentage of 25.1 ± 
0.48.. In one back cross, which numbered 686 plants, mere was a 
recombination value of 23.3 ± 1.08 and in the other back cross, which 
contained 1,507 plants, there was a recombination value of 26.6 ± 0.77. 
The variations in these percentages (23.3, 25.1, and 26.6) do not appear 
significant in the light of their probable errors. 

One back cross involving gl^ and Tu was obtained. The result here 
was a recombination percentage of 10.88 ± 0.41. 

According to the most recent summary of Emerson and his cowork- 
ers, data published by Jones and Gallaste^i in 1919, and later and 
more extensive data from Eyster and from Emerson, give an average 


« The gonotic symbols used in the text aio as follows: gh, glossy seedling; gh, K|pssy medling; gh, glossy 
iling; shnmfeen endosperm; wx, waxy endosperm; fl, floury endosperm; it, mnty endosperm; su 
jary endosperm; Y, yellow endosperm; 7w, tunicate ear; tsi, tassel seed; 6 r, brachytic; ^ virwMnt seed 
ling; Ig, ligoleless leaf; gu golden plant; A, C, B, and Pr, alourone color factors; B, intonsiner of plant color 



172 


Jovmal oj AgricnUvral Research 


VoL44,No.2 


recombmation value of 28.6 per cent for su and Tn. Therefore the 
position of the ^nes is su-glg-Tu. The mean of the three crosses here 
reported involving su gave a distance of 25 units from su to gk- The 
distance from gh to Tu (10.88) added to this gives a total of approxi- 
mately 36, as compared to 28.6 for the distance from su to Tu, The 
distance, then, from su to Tu as previously reported is 7.4 units leas 
than the sura of the distances su to gk and git to Tu according to the 
data here presented. The probable error of the difiFerence, 7.4 units, 
would be about 1 unit or slightly more since the probable errors of the 
linkage values concerned are all of approximately that size. Tn other 
words, this difference, though not very large, is statistically significant. 



Figure 2. -Seedlings from the segregating back^eross generation of the cross 11260X110 made in 
1030; photographed in the greenhouse 


This is as it ^ould be if the amount of double crossing over between 
two genes is directly proportional to their distance apart (7). 

Figure 2 shows the seedlings from the segregating back-cross genera- 
tion of the cross H260XH9 made in 1930. (Table 1.) This cross 
was made in the repulsion phase, that is, gk gk SuSu X Gk Gk su su. 
The seedlings shown in the lower right half of the illustration are from 
starchy seeds, while those in the upper half are from sugary ones. 
The seedlings were sprinkled with water ^ust before riie picture was 
taken and the glossy ones may be distinguished by the drops of water 
on them. It will be noted that thei« are many more glossy seedlings 
in the starchy group. 
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Table 2.- 


— Recombination values for Glz gh wilh factor pairs in known linkage 
groups in maize 
[Linkage phase, repulsion Fsl 


Culture No. 


U75 

11199., 

H73 

117.6, 

1172 

H7fi 

1179 

1178 

H71 

1171 

1182 

H72 

H7rt- 

11109 


Year 


1029 

1928 

1928 

1928 

1928 

1928 

1928 

1928 

1928 

1928 

1928 

1928 

1929 


Gene 


jth.. 

wz.. 

It., 

R.. 

R.. 

%: 

Y.. 

hr. 

Ft. 

I*r. 

T*r 


Linkage group 


C-WT., 

C-wx.. 

C-wx.. 

Rm.. 

n-::. 

B-Io— 
R-lff .. 
Y-Pl . 
P-br.. 
Pr-Vi.. 


1 Number of individual.s • 

I'otal 

popiilii* 

tion 

Hftcom* 

binatiun 

f)er(!eiitage 

AB 

Ab 

aB 

ab 

2. 793 

818 

810 

.304 

4,a3r> 

.6.3. OdbO. 71 

2, 572 

711 

801 

238 

4,322 

51.0d= .79 

1.994 

691 

722 

222 

3. .699 

4H.7± .89 

2,580 

941 

SOS 

306 

4,935 

50. . 6 ± .73 

1,049 

844 

.322 

281 

2,499 

51.1=tl.OO 

1,642 

897 

676 

291 

3, 506 

46. 9d: .88 

1,199 

391 

314 

79 

1, 9.63 

47. . 6 ± 1.1 7 

677 

264 

29.6 

80 

1,286 

46.4:i;1.46 

1.239 

1,177 

374 

399 

.3. 189 

.61.6db .88 

1. 793 

923 

.697 

179 

3, 189 

47. 7± .92 

1,049 

24.6 

293 

97 

1,9.64 

49.9=bl.2.6 

649 

400 

202 

120 

1, 371 

49.5±1. 37 

1.28.6 

.3.67 

483 

193 

2.318 

. 6 . 6 . 1± .99 

2. 420 

863 

770 

299 

4,322 

49. 7± . 77 


■ >lii .stands for Oh gh\ Bb stands for other factor pair concerned. 

PKpOP OP INDEPENDENCE OF 9)3 FROM SEVERAL LINKAGE GROUPS 

In Tabic 2 data are presented from 16 F 2 populations, ranging from 
about 1 ,300 to 4,000 plants. Each of these populations gave a recom- 
bination percentage not deviating significantly from 50 per cent. The 
genes employed are sh, wXy /?, Ig, Yy hr, and Pr. These data 
indicate that gU is not carried in chromosome groups 0-wx, R-Oi, 
BAg, YA% PAr, or Pr~fv 

SUMMARY 

The homozygous glossy condition (cjli) has little, if any, effect on 
the general vigor of a corn plant. The true difference between nor- 
mal and glossy seedlings appeai-s to lie in the leaf cuticle. Exactly 
what this difference is has not been determined. 

Inheritance studies have placed gl^ in the su-Tu linkage group. 
The order of the genes is su-glirTu. 
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EFFECT OF THE HYDROGEN-ION CONCENTRATION OF 
THE SOIL ON THE GROWTH OF THE BEAN AND ITS 
SUSCEPTIBILITY TO DRY ROOT ROT ‘ 

By Walter H. Burkholder 

Professor of Plant PaXhology^ New York {Cornell) Agricultural Experiment Station 

INTRODUCTION 

A more thorough knowledge of the environmental factors that 
affect the common bean (Pliaseolus mdgaris L.) infected with the root 
parasite Fusarium martii phaseoli Burk, should be of considerable 
economic value. In certain sections of western New York the root 
rot caused by this organism is enphytotic, but the severity of the 
disease varies greatly, not only in different years but in different 
fields during the same year. In one field the lower roots of infected 
plants may be entirely rotted, leaving the plants supplied only by the 
surface roots; while in a neighboring field only the cortex of the tap- 
root and the finer rootlets will be invaded. In the latter case the 
reduction in yield is scarcely noticeable. 

Certain environmental factors have been studied which might alter 
the severity of the disease and thus explain conditions such as those 
just described. It is the belief of Keddick ^ and of the writer * that 
while the soil temperatures found in the bean-growing sections of 
New York State may gi’eatly influence the growth of the bean plant, 
they do not materially affect the course of the root-rot disease. Soil 
moisture, on the other hand, although a factor of some importance, 
has been found by the writer ^ to ac.t only in a mechanical manner. 
If there is sufficient moisture in the soil, the roots, even though 
severely rotted, are able to supply water and inorganic food to the 
plant in such cpiantities that the reduction in yield of seed is slight. 
If the soil is dry, however, the yield may be reduced as much as 50 per 
cent. A third factor studied by the writer ® directly concerns the 
pathogenc. When Fusarium martii phaseoli is grown in pure culture 
its virulence is considerably reduced although such an attenuated cul- 
ture may be restored to normal by growing it for several months on 
its host, the bean plant. It seems probable, although it has never 
been demonstrated, that a similar condition takes place in nature. 
After the fungus has grown saprophytically in the soil for a number 
of years it may cause only a light infection of the bean roots, but 
continued association with its host may build up its virulence. 

The factors of soil moisture and the attenuation of the pathogene 
do not appear, however, to explain adequately all variations in the 
disease which are observed in the field. Other environmental factors 


> Received for publication June 17, 1U31; issued March, 1932. 

* Reddick, D. effect of boil tkmfeeature on the growth of mean plants and on their su.scep- 
TIBIUTY TO A ROOT PARASITE. Amer. JouT. Bot. 4: 613-519. 1917. 

» Burkholder, W. H. the effect of two soil temperatures on the yield and water relations 
OF healthy and diseased beam plants. Ecology 1: 113-123, illus. 1920. 

< — — - the effect of varying soil moistures on healthy bean plants and on those infected 
BY A root parasite. Ecology 6: 170-187. 1924. 

A variations in a member op the genus fusarium grown in culture for a period of 
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that might affect its development were therefore sought. The 
hydrogen-ion concentration of the soil is known to alter the course of 
certain plant diseases, and a few preliminary observations indicated 
that it might affect the development of the dry root rot of the bean. 
Accordingly, an investigation was undertaken to determine the 
influence of this factor on (1) the growth of the |)lant and (2) on its 
susceptibility to attack by the dry root-rot organism. 

It has been the general feeling among growers that an alkaline soil 
is necessary for a good production of beans, and this idea has crept 
into certain textbooks on vegetable gardening and field crops. Scat- 
tered references to beans in the reports of the extensive, but by no 
means recent, experiments conducted at the Rhode Island Agricul- 
tural Experinient Station on the effect of soil acidity and liming on 
plant growth indicate that the bean readily tolerates acid soils. 

The present investigation was divided into two parts: (1) Experi- 
ments conducted in the greenhouse, in which many of the external 
fact/ors were controlled, and (2) field surveys in the bean-growing 
section of New York State. 

GREENHOUSE EXPERIMENTS 

Two series of controlled experiments were conducted, one during 
the early months of 1927 and the other in 1928. The experiments 
followed in outline earlier tests conducted by the writer ^ on the rela- 
tion of soil moisture to this disease. Glazed jars of l-gallon capacity 
filled with a rich garden loam of known Iwdrogen-ion concentration 
and water-holding capacity were used. The pH of the soil at the 
beginning of both the experiments was approximately 5.10. The 
hydrogen-ion concentration was determined electrometrically, a quin- 
hydrone electrode being used. The water-holding capacity of the 
soil was determined by the Hilgard 1-cm. cup method. 

In the first set of experiments, 50 culture vessels divided into 10 lots 
of 5 each were used. One lot was left untreated, and the hydrogen-ion 
concentration of each of the remaining lots was adjusted by the addi- 
tion of sulphuric acid or sodium hydroxide. In 4 lots the hydrogen- 
ion concentration was increased by the addition of sulphuric acid. 
To each vessel in lot 1 was added 30 c. c. of a normal solution of sul- 
phuric acid, and to each jar in lots 2, 3, and 4 were added, respectively, 
70, 125, and 210 c. c. In 5 lots of vessels the hydrogen-ion concen- 
tration of the soil was lowered by the addition of a normal solution of 
sodium hydroxide in the following quantities: To each vessel in lot 1, 
26.25 c. c.; lot 2, 52 c. c,; lot 3, 87.5 c. c.; lot 4, 122.5 c. c.; and lot 5, 
175 c. c. The treated jars were allowed to stand until the soil became 
friable, and the soil was then mixed thoroughly and softened. This 
was necessary in the case of jars receiving Targe amounts of sodium 
hydroxide because the surface soil in these vessels became baked on 
drying. 

The seed used in the experiment was a pure line of Wells Red 
Kidney. At the time of planting (March 13) a culture of the bean 
nodxile organism was introduced into each vessel. A water suspension 
of spores of a recently isolated strain of Fusarium martii phaseoli was 
poured about the seed in three vessels in each lot of five, and an equal 
quantity of sterilized water was added to the check vessels. The a?’! 


• Burkholder, W. H. Op.dt. (See footnote 4.) 
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moisture throughout the entire series was held as uniform as possible 
by the method used in previous experiments.^ At the beginning of the 
experiment the moisture content was adjusted to 60 per cent of the 
water-holding capacity of the soil. When the seed germinated all 
seedlings but two were removed, and the soil moisture was lowered to 
45 per cent of its water-holding capacity. This percentage was main- 
tained until blossoming tirne, when it was further lowered to 35. 

The data obtained in this set of experiments are shown in Table 1. 
Three check cultures had to be discarded because of chance infection. 
The cultures are arranged in the table according to the amount of 
acid or alkali that each group received, and this arrangement follows, 
more or less, the hydrogen-ion concentration of the soil. The pH 
determinations were made at planting and at harvest. The hydrogen- 
ion concentration, it will be noted, decreased steadily in all vessels 
except four, and the change in a few others was slight. This decrease 
was on both untreated soil and on soil treated with acid and with 
sodium hydroxide. 


Table 1.— 77ie effect of various hydrogen-ion concentrations of the soilf determined 
at planting and at harvesting, on the yield of healthy bean plants and on those 
infected mth Fusarium martii phaseoh 



p 11 of the soil 



pll of the soil 


Kxperiment No.« 


Yield 

Experiineut No.® 


Yield 


Atplunt- At bar' 



At plant- At har- 



Ing vest! UR 



ing vesting 




Or a nut 



Qrams 

1C 

0. 71 7. 27 

5. 18 

260 

6. 13 5. 94 

8.34 

20 

0. 76 7. 19 

4.48 

201 

6. 13 6. 30 

5.79 

.^T 

0. 07 <*. 76 

2.22 

271 

6.07 5.09 

5.18 

41 

0. 73 fi. 76 

.91 

281 

6. 10 6. 09 

7. 46 

61 

0. f,9 6. 86 

1.09 

29C 

4.80 5.39 

5.34 

(}(', 

0. 34 0. 75 

6. 12 

30T 

4. 85 5. 34 

0.02 

71.. 

0. 30 0. OK 

2.97 

311. 

4. 83 5. 18 

4.98 

81 

0.34 i 0.72 

0.00 

321 

4.88 6.31 

4.40 

91 

0.28 ; 0.70 

4.97 

3;iC 

4.00 ! 4.77 

4.64 

ion 

6.79 1 0.32 

5. 40 

34C 

4.02 1 6.00 

3.70 

IKT 

1 5. 92 0. 73 

6.87 

351 

4.00 i 4.07 

3.00 

121 1 

1 6. 78 0. 30 

5.24 

301 

4.03 4.88 

4.31 

131 

0. 07 0. 71 

5.20 

371 - 

4.00 4.80 

2.20 

141 

6. 95 0. 63 

0.24 

38C — 

4.43 I 4.67 

1.49 

IfiO 

5. 02 0. 60 

8.72 

39C 

4.44 4.44 

1.06 

Ifil.. 1 

5. 00 0. 06 

4. .64 

401 

4. 39 4. 72 

1.05 

171... 

5. 64 0. 10 

6.91 

411 

4.31 4.47 

.01 

181 

6. 03 0. 14 

5.00 

421 

4. 42 4. 70 

1 1.07 

ion 

6. 43 1 0, 30 

7.28 

43C. 

4. 10 4. 10 


2 on 

6. 60 0. 08 

0. 86 

44C 

4.00 

.09 

211 

6. 49 6. 40 

6.37 

461 

4. 09 4. 26 


22r.._ 

6! 41 6.00 

6.30 

401 

4.11 4.04 


231 

6.47 6.93 

0. 10 

471 - - 

4.00 4.10 

.33 

240. -.1 

6. 12 5. 00 

7.63 





• When experiment numbers are followed by C, they refer to checks; when by I, they refer to inoculated 
plants. 


A possible objection to this set of experiments is that the hydrogen- 
ion concentration of the soil does not extend to the alkaline side of 
neutrality. Preliminary tests on adjusting small quantities of this 
soil with sodium hydroxide showed that it should reach a pH of 8. 
However, because of the large quantities of soil used and the method 
of handling, it was not possible to obtain pH values above 7 . On the 
other hand, when the soil was adjusted with sulphuric acid the 


’ Burkholdbr, W. H. Op. cit. (See footnote 4.) 
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hydrogen-ion concentrations determined in the preliminary tests 
were reached. 

A second experiment was conducted in the early months of 1928, 
This experiment differed from the first in that an acid soil was used 
and the hydrogen-ion concentration was adjusted with hydrated 
lime. Forty-five culture vessels were divided into nine lots of five each. 
Lot 1 remained untreated, but to each jar in lot 2, 4 gm. of lime was 
added and to each jar in the remaining lots the application was 
successively increased by 4 gm. The lime was thoroughly mixed 
with the soil and allowed to stand for eight days, the moisture content 
being held at 50 per cent of the water-holding capacity. At the end 
of the eighth day lime was still visible in the jars that received large 
applications. In order that an equilibrium might be hastened all 
the jars were steam sterilized. The result of this process was not 
entirely satisfactory, however, for the hydrogen-ion concentration of 
the soil in all the jars decreased appreciably, whether or not they had 
received an application of lime. Nevertheless, the experiment was 
continued since the series covered the alkaline side of neutrality, the 
side that had not been reached in the previous experiments. Except 
for the use of lime and the sterilization of the soil, these jars were 
handled like those in the first experiment. The data collected are 
presented in Table 2. Where some of the check cultures are missing 
it is due to the fact that the plants became infected and were discarded. 


Table 2. — The effect of various hydrogen-ion concentrations of the soil at time of 
planting^ podding^ and harvesting^ on the yield of healthy bean plants and on 
those infected with Fvsarium martii phaseoli 


pH of the soil 


jsixperunem 

No.* 

At plant' 
ing 

At pod- 
ding 

At har- 
vesting 

1C 

8.43 

7.76 

a27 

2C 

8.04 

7.69 

7.82 

31 

8.11 

7.69 

7.66 

41 

7.72 

7.72 

7. 79 

61 

7.89 

7.66 

7,79 

60 

8.09 

7.69 

8.23 

70 

8.03 

7.77 

8.11 

81 

8.01 

7.79 

8.25 

91 

8.03 

7.79 

8.28 

101 

7.84 

7.29 

7.61 

no 

7.83 

7.62 ; 

a 01 

121 

7.86 

7.69 1 

8.30 

131 

7.01 

7.44 

7.97 

141 

7.89 

7.89 

7.86 

160 

7.47 

6.71 

7.66 

ICO 

8.21 

8.06 

8.36 

171 

7.78 

7.07 

7.49 

7.69 

7.94 

181 

7.90 

191 

7.02 

7.62 

7.74 

200 

8.08 

7.89 

8.06 

211 

7.44 

7.30 

7.64 




pU of the soil 


Yield 

£xi>OTimeQt 

— 

— 

— 

Yield 



At plant' 

At pod- 

At bar- 




ing 

ding 

vesting 


Grams 





Grama 

1.67 

221 

7.76 

6.00 

4.49 


4.03 

281 

7.66 

7.84 

7.74 

a 12 


24n 

7.61 

7. 39 

7.44 

6. 10 

.28 

261 

7.40 

7.08 

7.27 

4.74 

.96 

281 

7.27 

a98 

7.06 

3.87 

4.72 

271 

7.80 

7.36 

7.62 

7.92 

4.00 


7.16 

7.42 

7.17 

a 62 

4.85 

29C 

7.24 

7.07 

7.08 

a 17 

4.37 

301 

7.39 

7.32 

7.32 

6.92 

.20 

311 

6.73 


6.61 

5.61 

7.06 

321 

7.67 

7.47 

7.37 

3.27 

6.15 

33C 

6.91 

6.90 

6.44 

7.72 

2.60 

341 

6.93 

6.10 

6.31 

4.82 

6.97 

361 

7.24 

7.42 

7.07 

4.92 

6.70 

361 

a90 

6.86 

a 96 

1.88 

7.66 

37C 

6.41 

6.48 

6.61 

1.76 

6.16 

88C 

6.41 

6.02 

6.90 

1.32 

3.01 

891 

6.87 

aao 

6.87 

3.06 

4.75 

401 

6.00 

6.98 

6.61 

2.77 

7.67 

411 

6.34 

6.60 

6.05 

5.27 

6.98 







<* When experiment numbers are followed by C, they refer to checks; when by 1, they refer to Inoculated 
plants. 


The data in Table 2 are grouped in a manner similar to those in 
Table 1; that is, according to the amount of lime that each jar 
received. This arrangement follows, only in a general way, the 

E irogen-ion concentration of the soD. The soil reaction of jars und«r. 
treatment varied considerably for no apparent reason, and the 
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variation from planting time to harvest was not always consistent. 
While a uniform series of cultures would have been highly desiraWe 
it was not absolutely necessary, since the object of the experiment 
was to determine whether or not the hydrogen-ion concentration of 
the soil at any degree would have an inhibiting effect upon the disease. 

In Tables 1 and 2 an attempt was made to use the yield of seed 
in each culture vessel as an index of the amount and severity of the 
root rot present. This attempt, however, was not successful. There 
appeared to be too many fac^tors besides root rot that influenced the 
yield. Some of these were unknown and others were difficult to con- 
trol. For example, in the second set of experiments the greenhouse 
in which the plants were growing was veiy warm for several days at 
blossoming time because of the brightness of the sun, and many 
blossoms dropped. The drop was uneven, and at harvest time it 
was noted that certain plants, in the check cultures cxpecially, had 
endeavored to even up this inconsistency by the produc^tion of late 
blossoms.. The pods from these blossoms did not produce seed, how- 
ever, so no record of them appears in the data. 

Ill spite of the variations in yield shown in Tables 1 and 2 it may 
be seen that there is a decided tendency for plants from inoculated 
seed to produ<*.e fewer seed than the chec^k plants. Moreover, this 
decrease in yield of plants from inoculated seed does not vary in any 
direct relationship with the liydrogen-ion concentration, and this at 
least would indicate that soil reaction has no eflect upon the root 
rot of the bean. Furthermore, disregarding the data on yields, the 
same conclusions wore reached when the roots of the plants were 
examined at harvest time. All roots of inoculated plants appenred 
to be equally infected, scarcely any variation in the severity of in- 
fection being discernible. This last observation is of greater im- 
portance than the data on yield, and mainly because of this finding 
further experiments of tliis type were discontinued. 

Before leaving these experiments, however, it should be i)ointcd 
out that the data in Table 1 seem to indicate that the red kidney 
bean will grow well in a soil with a fairly high hydrogen-ion con(*,en- 
tration. A decrease in yield of healthy plants occurred only after 
the pH of the soil had drojiped below 5. 

FIELD SURVEYS 

Along with the two sets of greenhouse experiments a survey of bean 
fields in western New York was made during August in 1928 and 1929. 
The surveys were made each year at as nearly the same time as pos- 
sible so that the data would be comparable if a seasonal variation in 
the hydrogen-ion concentration of the soil occurred. On these sur- 
veys the following procedure was employed: First, the variety of 
beans was determined and an estimate was made of the yield, then 
the degree of severity of root-rot infection was noted. If other 
diseases or factors were present that might contribute to a decrease in 
yield they, too, were recorded. A group of bean plants was then 
selected which appeared typical of the field at large and three samples 
of soil were taken about the bean roots within a foot or more of each 
other. While the hydrogen-ion concentration might vary over the 
^d, it was felt that a determination should be made near a typical 
' group of plants. The three soil samples were mixed, })laced in a paper 
bag, and taken to the laboratory for pH determinations. 
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In 1928 the survey began in southern Monroe County and pro- 
ceeded south through Genesse County into the white marrow section 
of Wyoming County. The high alkaline soils were found in the lime- 
stone area near Garbut and the acid soils about Perry and Castile. 
The data from this survey are shown in Table 3. In 1929 the survey 
was made in some of the newer bean-growing sections, whereas in 

1928 the survey was made in a section where beans had been grown for 
many years. This probably accounts for the fact that more fields 
were found to be contaminated with Fusarium martii pha.seoli the 
first year than were found the second year. The data collected in 

1929 are presented in Table 4. 

Table 3. — Hydrogeririon concentration of the soil of bean fields contaminated with 
or free from the root parasite Fusarium marhi phaseoli 

[Detormioatlons mado August, 1928] 


Sample No. 

pH of 
soil 

Variety grown 

Extent of infection 

1 

8.67 

Pea 

Severe. - 

2 

8.()4 


None.. 

3. 

a 45 

, ___ 

.....do.... — - 

Severe— 

4 

8.30 

drt ... 

Right 

r. 

7.96 

Modliim 

do . 

A 

7.75 

T'flft . . 

Trace.. 

7 .. . 

7.66 

do 

None 

R 

7.32 

Ked kidney.. 

Light 

Q 

7.03 

Mttrrow.^ ’ . 

...r. do 

10 

a 93 

Blue pod modiura.... 

Moderate.. 

11 

6.88 

White morrow.... ... 

Severe.. - 


a83 

(io 

Moderate.. 

18 

ao4 

Red kidney. 

Trace 

14 

6.58 

White morrow.. 

Very severe. 

15 

a 31 

do.....—.—. 

.'do.. 

Ifi 

a 25 

Red kidney..... 

Light 

17 

a 05 

White marrow.... 

Mo(ierate.. 

18 

a 02 

Red kidney. 

Light 

19 

5. 95 

Whit^ marrow _ _ 

.....do.... 

20 

5.78 

do 

do.. 

21 

5.54 

. do _ - - 

I Very severe.. 

22 

5.32 

do 

Trace... 

23 

5.29 

do .! 

! Moderate.. — 

24 

5.27 i 

do.... .....i 

i Severe 

25 

5. 27 1 

do ■ 

Very severe.. 

26 

5. 19 


do 

27 

5.02 

do. - 

i Trace.. 

28 

5.02 i 

Yellow eye. , , 

i Light 

20 

5.00 

White marrow 

Moderate 

an 

4.99 

.....do...... 

Light 

31 

4.99 

.....do..... 

Trace 

82 

4.97 

do....--..-. 

None 

33 

4.95 

Yellow eye 

I Trace 






yield of 


Poor. 

Excellent. 

Fair. 

Good. 

Fair. 

Poor.® 

Good. 

Fair. 

Good. 

Fair. 

.. 

Fair. 

Good. 

Poor. 

Do. 

Do.fc 

oJ? 

Do. 

Fair. 

J*oor. 

Good. 

Do. 

Fair. 

Poor. 

Do. 

Do. 

Good. 

l*oor. 

Good. 

Fair. 

Good. 

Fair. 


> Anthraonoso also present in the field which might have decreased yield, 
k Anihracnoso and oacterlal blight also present and might have decreased yield. 
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Table 4. — Hydrogen-ion concerUraiion of the soil of bean fields contaminated with 
or free from the root parasite Fusarium martii phaseoli 

[Detormlnations mado August, 1029] 


Sample No. 

pH of 
soil 

Variety grown • 

Extent of infection 

1 

8.30 

Pea 

Very severe . 

2 

8. 19 

- _ do --- _ 

Trane , _ 

a 

8.19 

White marrow 

l.ight. , . 

4 

8.18 

Bed kidney 

Trace 

f> 

8.08 

White marrow. . 

Severe*.. 

fi 

7.97 

do 

do 


7.84 

Bed kidney... 

None 

8 

7. 84 

Pea 

Trace 

9 

7. 79 

Bed kidnev.. 

None... 

io 

7.57 

W’^hite maiTow- 

Moderate) 

li 

7. 49 

Be<l kidnev. 

Trace 

12 - - - 

7.47 

Blue pods,' 

do - 

ia 

7. 40 


None.. 

14 

7. 35 

Bed kidnev. . 

Trace 

ITi 

7.34 


Severe 

Ifi - 

7.32 

Bed kidney 

Trace 

17 

7.29 

do 

None j 

18 

7, 25 

do 

Light 

lU __ 

7. 25 

W'hilc marrow 

do - 

20 

7.08 

I do 

Very .severe 

21 _ ^ _ 

7.07 ' 

‘ 

Trace 

22 

7.0:1 

Pea ' 

Severe 


7.(W 

White marrow. 

Trace 



24 

6.98 

Bed kidney 

Light 

25 - . . . 1 

1 6. 91 

While marrow 

Alotlernte... 

2fi 

1 6. 91 

Pea..-.. 

None—.— 

27 ! 

6.71 1 

White marrow 

Moderate 

28 

6. 70 

do. 

None,.... 

29 

0. 51 

W'hlte iniperiaL 

do 

ao 

6. 44 

Bod kidney.. - 

do 

;u 

6. 39 

do 

do 

32 1 

6.27 

Pea 

do 

3:j. 

6. 02 

Wliile marrow 

Moderate 

34::::;:::..::::::::::.:::! 

! 5.97 

Pea 

None. 

35 1 

! 5. 90 

Bed kidney 

do 

36 

AKO 

Pea 


3?:: 

5. 70 

.... do 

1 do - 

38 1 

1 5, 08 

do 

1 Light 

39 * _ ! 

! 5.62 1 

Bed kidnev 

, do 

40 I 

j 5, 54 

! White kidnev.... 

Trace 

41 

5, 48 

Pea,, - 

Severe 






Yield of 


None. 

Poor.® 

^lood. 

Fair. 

Poor. 

Do. 

Good. 

1 ) 0 . 

Do. 

Fair. 

Good. 

Fair. 

Good. 

Fair.^ 

J’oor* 

Goodi 

Fair.'- 

Good. 

Do. 

I’oor.'* 

Do.-* 

Do. 

Good. 

Do. 

Fair. 

I’cer." 

Good. 

Poor.* 

Good. 

Fair." 

Do. 

Good. 

Poor.* 

Fair. 

Good. 

Do. 

Fair. 

Do,® 

1 ) 0 . 

Do. 

Poor. 


«* Dry weather may have decreased yield, 

* Planted late, which may have decreased yield. 

« Bacterial bliglit may have decreased yiehi. 

*' Insects may have decreased yield. 

Tables 3 and 4 show that severe infection may be produced by the 
root-rot organism in a soil of fairly high hydrogen-ion concentration 
(pTI 5.0) and in an alkaline soil (pH 8.0) as well. This is in hannony 
with the data gathered in the greenhouse experiments. The tables 
show further that the range of hydrogen-ion concentration of the soil 
in the bean-bowing section of Isew York is not a limiting factor in 
crop production. A good yield may be produced in both acid and 
alkaline soils, and this also agrees with the data in Tables 1 and 2. 
If certain varieties of beans are less acid tolerant than others it is not 
apparent from these surveys. 

CONCLUSIONS 

The bean plant (Phaseolus vulgaris) ajipears to be little affected by 
the hydrobii"i<>i^ concentration of the soil, and thrives well in an acid 
or in an alkaline soil. 

In the bean-growing section of New York State the susceptibility 
' 5 # the bean plant to Fusarium martii 'phaseoli is not affected liy the 
hydrogen-ion concentration of the soil. 
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INTRODUCTION 

Under certain conditions and in practically all parts of the country 
large numbers of tomato blossoms fail to set fruit. This abortion and 
dropping of flowers may be so great as to reduce the crop materially. 
Abscission, which results in the dropping of the flowers, may occur 
before, during, or shortly after anthesis. This problem has received 
attention from investigators throughout the count^’y. Usually, 
however, it has been considered from the stand})ojnt of the nutrition 
of the plant and the influence of unfavorable weather conditions. 
It is not known whether these conditions affect the formation of the 
embryo sac, the fertilization process, or the development of the 
embryo and endosperm. This paper presents (1) the results of 
observations on the effect of temperature on anthesis and blossom 
drop and (2) the results of a histologic study of normally developing 
and dropping blossoms, with special reference to the development 
of the embryo sac, embryo, and endosperm. 


REVIEW OF LITERATURE 


Thompson* has enumerated the following as jiossible causes of 
blossom drop: (1) A sudden appearance of cold or cool weather when 
the plants are in blossom; (2) hard rains which may wash away the 
pollen or otherwise affect pollination; (3) very hot, dry weather, 
especially drying winds; (4) injury by thrips; and (5) rapid vino 
grovrth resulting from an excess of nitrogen in the soU. 

Investigations to determine the causes of the shedding of tomato 
blossoms have been carried on in Oklahoma for at least 14 years by 
Morris, Booth, Herron, Cross, and White.® These investigators 
have studied the following as probable causes: (1) Extremely hot 
weather, (2) overrapid growth due to an excess of nitrogen fertilizers, 
(3) lack of ijroper nutrients in the soU, (4) deleterious substances in 
the soil, (5) insect injury, (6) hot dry winds, (7) lack of moisture, (8) 
extremes of temperature, (9) varietal susceptibility, (10) poor pollina- 
tion, and (11) low humidity. Morris conducted variety, pruning, and 
soil-fertility tests but obtained successful results of only minor 
importance. He also shaded some of the plants but apparently found 
no direct evidence of the cause of the trouble. Booth continued the 
varietal studies, and also inaugurated studies in the relation of 
humidity, irrigation, diseases, thrips, and pollination to fruit produc- 


* Received for publication July 13, 1931; issued March, 1932. ^ 

* The author is indebted to Rphraini Hixson and John Faulkner for assistance in a part of this investi- 
gation. 

* Now assistant professor of vegetable croiis, Now York (Cornell) Agricultural Experiment Station. 

^ Thompson, H. C. vegetable crops. 478 pp., Ulus. New York. 1923. 
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tion. The number of fruits produced under conditions resulting from 
irrigation was increased 18 per cent. Herron concluded from the 
results of windbreak tests that hot diy winds have little effect on the 
dropping of the blossoms. Blossom drop was not reduced by shading 
the plants nor by pruning and training them. Heavy fertilization 
with sodium nitrate^ potassium sulphate, and acidulated rock phos- 
phate applied in separate plots likewise failed to reduce the amount 
of blossom drop. Thrips, Euthrips trUici projectus, were found in 
abundance, but no constant relationship was observed between the 
number of thrms present and the number of blossoms that dropped. 

Badspinner ® continued the work at OUahoma for several years, 
and in 1922 summarized the data. He noticed that the dropping was 
most severe when soil moisture was deficient or when the temperature 
was high or the humidity low. Fertility of soil influenced but slightly 
the dropping of blossoms. 

Cross, working at Oklahoma in 1924 and 1925, divided the fruiting 
season into three periods. Ho found that blossoms were shed at an 
times during the season, but that the percentage shed was low during 
the first and third periods and high dming the second. By far the 
greater number of blossoms produced diinng July and August were 
shed. Cross also found that a large percentage of shedding blossoms 
had injured floral parts. This ho attributed to the fact that hot dry 
winds withdraw moisture from the organs, causing them to blacken 
and die. This injury prevents norm^ pollination and fertilization. 
He concluded that the ^eater part of the blossom drop was caused 
by excessively hot dry winds and intense heat of the sun. 

Kendall ^ thinks that physiological conditions within the plant, as 
influenced by soil moisture and fertility, are the chief causes of floral 
abscission in the field. Kraybill ® showed that the number of blos- 
soms that dropped was influenced by the amount of available mineral 
nutrients xmder conditions of uniformity with respect to other 
external factors. 


MATERIAL AND METHODS 

All the tests were made at the Oklahoma Agricultural Experiment 
Station. The Bonny Best variety of tomato, grown during 1929 as a 
fall crop in the greenhouse and handled in a commercial manner, was 
used in these studies. All plants were pruned to one stem. Collec- 
tions for the study of the development within the pistils after anthesis 
were made at certain intervals after emasculated blossoms had been 
hand-pollinated. Pollinations were made on the day of anthesis. 
Samples of naturally aborting flowers and emasculated, unpollinated 
flowers were collected at the same time that collections of developing 
flowers were made. The pistils were killed and fixed in Karpechenko's 
solution, dehydrated, embedded in paraffin, sectioned, and stained in 
the usual manner. Haidenhain’s haematoxylin stain was used. For 
tracing pollen-tube growth the sections were also stained with resorcin 
blue after the second iron-alum solution in the schedule for the 
haematoxylin stain. 


« iUt»SnMNER, W. A. EFFECTS OF CERTAIN FBYSIOLOQICAL FACTORS ON BLOSSOM DROP AND YIELD OF 
TOMAtOES. Amer. Soc. Hort. Sei. Proc. (1W2) 19: 71-7S. 1928. 

7 KeNDALLt J. N. ABSCISSION OF FLOWERS AND FRCITS IN THE BOLANACEAi, WITH SPECIAL REFERENCE 
TO NicowANA. Oslif. Univ. Pubs., Bot. 8: {347]-^, Ulus. 1918. (Thesis, Ph. D., Uulv. Calif., WlTK 
• XlATBILLy H. R. EFFECT OF NUTRITION ON THE NUMBER OF BLOSSOMS PER CLUSTER AND THE DROP 
HNO or BLOSSOMS IN THE TOMATO. Amef. SoC. HOft. SCl. PfOO. (1926) 22: 871-374. 1926. 
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During the spring and summer of 1930 information was obtained as 
to the time and amount of anthesis and the time and amount of 
abortion of these flowers on plants grown out of doors. Ten plants 
of equal size and age were selected for study. The number of flowers 
opening each day on the different plants from June 8 to July 17 and 
the number dropping each day from June 12 to July 16 were recorded. 


Table 1. — Tomato anthesis from June 8 to July 17 j 1930 
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OBSERVATIONS 

INFLUENCE OF TEMPERATURE ON ANTHESIS AND BLOSSOM DROP 

Table 1 gives the number of flowers that opened each day on the 
different plants from June 8 to July 17. After July 17 the taking of 
records was discontinued. The data show that tomato plants have 
no one definite flowering peak. In most plants there was a large 
production of flowers from June 14 to 29, and this was followed by 
a series of production peaks until the records were discontinued. 
The coefficient of correlation of temperature and amount of flowering, 
when tenmerature and anthesis for the same day are considered, was 
— 0.21. However, if temperature affects anthesis, some time must 
elapse between the time that the effect is exerted and the visible 
effect on flowering. For this reason the coefficients of correlation 
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of temperature 1, 2, 3, and 4 davs before the day of anthesis and the 
amount of flowering were calculated. The coemcient of correlation 
of temperature 1 day before anthesis and the amount of flowering was 
— 0.139; of temperature 2 days before anthesis, 0.113; of temperature 
3 days before anthesis, 0.499 ; but for 4 days before anthesis it dropped 
to 0.435. It therefore appears that there is approximately a 3-day 
lag between the time that temperature affects anthesis ana the time 
that the effects become visible. 

The Rowing season of 1930 was extremely dry; less than 2 inches of 
rain fell during the growth of the plants, that is, up to the time the 
records were dfiscontinued. Flowering may also be dependent upon 



rainfall or soil moisture as well as temperature. This may explain 
the lack of better correlation between temperature and anthesis. 

Table 2 and Figure 1 give the number of flowers that dropped each 
day from the same 10 plants from June 12 to July 16, when the records 
were discontinued. 

An analysis of the data in Figure^! indicates that the relation of 
temperature to blossom drop is similar to the relation of temperature 
to anthesis. The coefficient of correlation of temperature and amotmt 
of blossom drop, when temperature and blossom drop for the same 
day are considered, was 0.413. The value of r when temperature 
1 day before blossom drop is considered was 0.476; for 2 days before 
the drop, 0.499; for 3 days before the drop, 0.68; but for 4 days before 
the drop the value of r decreased to 0,63. As in the case of tempera- 
ture and anthesis, these data indicate that there was a 3-day lag^ 
between Ihe time that temperature exerted an effect on blossomdrop 
and the time that the effect became visible. 
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Table 2. — Bloseom-drop data on tomatoes from June IB to July 16 , 1930 



Observations indicate that the amount of blossom drop was greatly 
increased by low humidity, hot dry winds, and low soil moisture. 
This finding agrees with the results obtained by Cross at the Oklahoma 
station in 1924 and 1925. During the periods of high temperature 
and low humidity, practically^ all the styles elongated abnormally. 
In most instances this elongation occurred before the flowers opened 
and before the anthers dehisced. (PI. 1, A.) Thus the stigma and 
style were e.^cposed to the desiccating winds and they soon became 
wilted and dried up. Practically 100 per cent of such flowers abort. 

ABORTING AND DEVELOPING PISTILS 

The external characteristics typically distinguishing the aborting 
from the developing flowers are a yellowmg pedicel and pistil, shriveled 
blossom, and the development of the abscission layer. Aborting 
flowers drop naturally or readily fall when jarred or touched. 

Development of Embryo and Endosperm in Normal Pistils 

The ovules of the tomato are very numerous, completely covering 
the free surface of the placenta. (PI. 1, B.) The integument con- 
sists of a thick band of tissue closely surrounding the nucellus. It 
is often diflSicult to differentiate the integument from the nucellus. 
As the embryo sac enlarges the cells of the nucellus become much 
enlarged and elongate perpendicularly to the embryo sac. (Pis. 2, 
C, and 3, A.) 
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At anthesis the embiyo sac has reached the mature egg stage. 
The e^g is a large densely staining nucleated cell. (PI. 1, C.) The 
synergids can be seen at the micropylar end of the embryo sac 12 
hours after anthesis. (PI. 1, D.) Further development of the 
embryo sac does not take place for more than 82 hours after anthesis. 
(PI. 1, E, and pi. 2.) Development of the endosperm after this 
period is very rapid and is well ahead of the growth of the embi^o. 
(PI. 3, A, B, C, D.) Within 94 to 130 hours after pollination definite 
walls have appeared in the endosperm. At 190 houm after anthesis 
the embryo has reached the stage where differentiation into the 
dermatogen, periblem, and plerome is just bednnmg. (PI. 3, F.) 
The endosperm has contmued to enlarge and lay down separating 
walls; at 190 hours after anthesis the endosperm has completely filled 
the embryo sac. (PI. 3, E.) At 224 hours after anthesis the embrj^o 
has ^own very rapidly by division of the cells in all four tiers. The 
division lines between the four groups of cells are very clear. The 
dermatogen tissue of 1-cell thiclmess is very conspicuous and comes 
well down over the sides of the embryo. (PI. 4, A.) The inner cells 
of the integument appear to break down, and at this stage the en- 
dosperm does not completely occupy the embryo sac. At 237 hours 
after anthesis the embiwo and endosperm are much larger, having 
grown very rapidly and the periblem initials and susponsor have 
appeared. (PI. 4, B.) 

Development op Ovules and Embuvo Sacs in Aborting Pistils 


The embryo sacs of aborting tomato pistils never developed beyond 
a weak mature egg stage. The embryo sac and ovules had not 
developed any farther at 190 hours after anthesis than they had at 
anthesis. (Pi. 4, C, D, E, F, G.) Other changes in the ovules and 
embryo sacs are characterized by a light-staining reaction of the cells, 
veiy small egg cell and nucleus, and a breaking down of the nuccllus 
and cells of the integuments. The egg cell of the developing pistil 
is larger than that of the aborting pistil of the same age. (Compare 
pi. 2, B, with pi. 4, C, and pi. 3, A, with pi. 4, D.) Although the 
embiyo sacs of the aborting pistils have not developed beyond the 
egg-cell stage at 190 hours after pollination, the embryo sacs of the 
developing pistils are completely filled with the many-celled endosperm 
and the embiyo has developed at least to the 1 6-celI stage. (Compare 
pi. 3, F, with pi. 4, G.) 

DISCUSSION 


The abortion of the pistils studied was not due to lack of pollina- 
tion, for all flowers were hand-pollinated. Growth of the ovules and 
embryo sac had ceased at the time of anthesis, when the flowers would 
normally be pollinated. Although the actual fertilization process was 
not observed in this study, initiation of growth of the embryo and 
endosperm was found to occur between 82 and 94 hours after pollina- 
tion. This was determined by a commrison of the development of 
the embiyo sacs at these two stages. The egg cell of the embiyo sac 
in the aborting pistils was smaller at all times than that of developing 
pistils. 

The results here shown do not preclude the contention that lack of 
pollpation and fertilization or unfavorable conditions, such as hdt 
winds, may cause pistil abortion and flower dropping. Observe- 




A, Normal tomato flower at the left, all others show abnormally elongated styles i)rcvious to 
anthosis, X B, portion of pistil, showing development of o%mles at unthesis. X 120; r, ovule 
and embryo sac 2 hours after pollination, X 340; D, 12 hours after pollination. X O.'M); E, 
hours after ix>Ilination, X 340 



Relation of Temperature to Blossom Drcq> of the Tomato 


Plate 2 



Relation of Temperature to Bioiiom Drop of the Tomato 


Plate 3 





A, Ovule and embyro sac of the tomato flower 224 hours after pollination, X 050; B, ovule and embryo 
sao of the tomato flower 237 hours after pollination, X 340; C, section of ovule of aborted pistil 50 
hours after pollination, X 340; B, aborted ovule 94 hours after pollination, X340; K, the same as 1), 

94 hours after pollination, X 060; F, the same as D, 100 hours after pollination, X 340; G, the same 
as D, 100 hours after pollination, X 340 • 




RfUtimi of Temperature to Bloiiom E)rap of the Tomato 


Plate 5 



Section of stigiua and style sbow'ing pollen tube growth 24 hours after pollination. 
X340 
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tions made at Oklahoma by the writer and also by Cross show that, 
even though pollinated, a great many flowers may drop during unfa- 
vorable weather. Plate 1, A, shows the reaction of style growth to 
low humidity, hot dry winds, and low soil moisture. Only the flower 
at the extreme left has a style of normal length. These flowers have 
not yet reached anthesis. Note the dark-colored stigmas which are 
drying up and collapsing, rendering pollen germination and pollen- 
tube growth unlikely. 

Dorsey,® working with potato flowers, concluded that there are 
physiological influences operating independently of pollen or pistil 
development which cause the flowers to drop. He found evidences of 
disintegration in some embryo sacs, but on the whole they appeared 
to be undergoing the usual growth up to the time they were cut off 
when the flower dropped. Young states that degeneration changes 
in the ovules and embryo sacs of potato flowers appear to result from 
unfavorable enviromnental conditions and may occur at any stage. 
In the late megasporc stage, blasting is accompanied by the shriveling 
of both tlie megaspore or embryo sac and the cells of the nucellus. 

Pollen- tube gi’owth in the tomato appears to be very slow. In 
Plate 5 it may be seen how short the gi’owth of pollen tubes is 24 hours 
after pollination. This section sliows only one twenty-fifth of the 
total length of the style. As pollen-tube growth is not initiated 
immediately after pollination, the actual growth shown in Plate 5 
probably occurred in much less than 24 hours. Because of this slow 
growth of the pollen tube, the stigma, style, and pollen may be de- 
stroyed in periods of unfavorable weather before the pollen tubes 
roacli the embr^^o sac. That this docs occur is indicated by the high 
percentage of abortions observed when weather conditions are unfa- 
vorable. The plants from which these flowers were selected were 
pown in a greenhouse at temperatures ranging from 60° to 75° F. 
The soil moisture and the humidity of the atmosphere were favorable 
for good growth and fruit setting. The probable cause of the drop- 
ping of these flowers was the low nutrient supply in the soil or the 
inability of the plant to distribute properly and adequately the 
elaborated nutrients to the fast-develoj)ing embryo. 

SUMMARY 

The tomato plant has no one definite flowering peak. Flowering 
seems to l>e largely dependent upon soil moisture and temperature. 
The temperature existing approximately throe days before anthesis 
appears to have the greatest influence upon flowering. 

Blossom drop is greatly increased by hot dry winds and low humid- 
ity as well as by low soil moisture. On 10 plants under observation 
47.4 per cent of the flowers aborted. There is a lag of approximately 
three days between the time that temperature exerts an effect on 
blossom drop and the time that the effect becomes visible. 

During periods of hot dry winds and low soil moisture the styles 
elongate abnonnally, even before anthesis. Few flowers that have 
elongated styles in hot dry weather develop normally and set fruit. 

* Dorset. M. J. a note on the dropping of flowers in tbe potato. Jour. Ueredily 10: 22&>228. 
illas. 1910. 

tf Young, W. J. the roRiiATioN and degeneration of oerm ceils in the potato, Amer. Jour. 
Bot. 10: 326-335. Ulus. 1023. 
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At anthesis the embryo sac of the normal pistil had reached the 
mature egg cell stage. Under greenhouse conditions no further 
development of the embryo sac place for more than 82 hours 
after anthesis. Initiation of growth of the embryo and endosperm 
occurred between 82 and 94 hours after pollination. At 190 hours 
after pollination the embryo had developed to the stage where dif- 
ferentiation into the dermatogen, periblem, and plerome was just 
berinning. 

The embryo sacs of aborting pistils never developed beyond a very 
weak egg cell stage. 
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POLLEN ANTAGONISM IN COTTON * 

By Thomas II. Kearney, l^ncipal Physiologist^ in Charge^ and Grorue J. 
.PIarriron, Associate Agronomist^ Division of Egyptian Cotton Breeding ^ Bureau 
of Plant Industry^ United States Department of Agriculture 


INTRODUCTION 


The writers (24y have shown that when emasculated flowers of 
Pima Egyptian (Gosftypium barbadense L.) or of upland cotton ((7. 
hirmtuni 'h.) are pollinated Avith a mixture of pollen from both types 
selective fertilization in favor of the like pollen results. The popula- 
tions resulting from the double pollinations in the earlier experiments 
Table II) jdelded the data given in Table 1 . From 67 to 82 per 
cent of the plants were of the type of the female parent, whereas, if 
there had been no selection among the pollen grains, only 50 per cent 
of the plants would have been of this type and the others heterozy- 
gous (Pima X upland or upland X Pima, Fi). The departure from 
a 1:1 ratio was very significant in each of the populations; the magni- 
tude of indicates, in every case, chances more than 100 to 1 that 
the departure was not fortuitous. 


Table 1. — Evidence of selective fertilization when emasculated flowers of Pima 
Egyptian and of Lone Star and Acala upland cotton were poUinated with both 
kinds of pollen^ as shown by the percentages of homozygous plants in the resulting 
populations 
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Pium * Pima ami I/me Star .. 
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77.6±1.21 i 

165. 2 

i 082 

82.8dr .07 : 
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« In each of the 4 populations, one-half of the flowers were pollinated first w'ith the like pollen and then 
wdth the unlike pollen, while on t he other half the seciueucje was reversed, i t was thought that combining 
the subpopulHtions from the 2 sequeniws of pollination would give an approximation to the results expected 
if the 2 pollens had been mixed together in equal quantities before being appli^ to the stigmas. Since 
the .subpopulations representing the 2 sequence.s of pollination were of unequal size, instead of basing the 
percentage of homozygous plants, as given In this table, on the actual number of such individuals in the 
combing population, the average of the percentages of the 2 subpopulstions was taken. In computing the 
probable error of this average iiercentage, n was taken as twice the number of plants in the smaller of the 
subpopiilatlous. It is these modified numbers that are given under the heading “ Plants grown. 


Evidence was given in the paper cited {24) that the preponderance 
of homozygous individuals is not attributable to any lack of compati- 
bility between these types of cotton or to differences in the viability of 
the two pollens or to selective survival at any stage after fertilization 
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was accomplished. Indications also were obtained that such tubes of 
the unlike pollen as succeeded in penetrating the ovary had grown as 
rapi^y as the tubes of the like pollen. Further investigation has 
yielded additional information on these points, which is given in the 
present paper. 

A hypotnesis formulated by tlie writers in attempting to explain the 
observed facts (24^ p. 389) assumed that the like pollen stimulates a 
reaction in the tissues of the pistil, making the latter an unfavorable 
medium for the develox^ment of the unlike pollen. If this assumption 
is well founded, it follows that the more intimately the two pollens 
are in contact on the stigmas the greater the selective effect should be. 
The results of an experiment in which this test was applied are given 
in this paper. The question as to whether the like pollen must be 
present in a viable condition in order to exert an inhibiting effect upon 
the unlike pollen has been investigated also. 

It has been shown by Jones {21 ) tliat in maize the degree of selective^ 
fertilization depends in large measure upon the degree of consanguinity 
of the two forms, usually being greatest between forms that are most 
distantly related. Experiments to determine whether this is the case 
in cotton, also, are described in this paper. 

The experimental work was done at the United States field station, 
Sacaton, Ariz. In all expeiirnents the flowers were emasculated in 
the evening before the day of anthesis and were pollinated the follow- 
ing morning. For information concenimg the structure and ontogeny 
of the cotton flower, in relation to pollination and fertilization, the 
reader is refen’ed to an earlier publication bv one of the writers {22 y 
Pll-IVyVIyandVII), 

Pollen grains of the two types used in these experiments, Pima 
Egyptian and upland cottons, are shown in Figure 1. 

POSSIBLK ALTERNATIVE EXPLANATIONS OF OBSERVED 
PHENOMENA 

It is obvious, of course, that effects similar to those of selective 
fertilization would J’csult from pollinations with mixed pollen if there 
were a difference in the compatibility of the tw'o forms involved, or if 
the two pollens differed in viability, or if there were selective survival 
in favor of one or the other class of zygotes. FurtheiTnore, selective 
fertilization might occur in the absence of any mutually antagonistic 
action of the two pollens if the rate of growth of the tubes differed 
consistently. The conclusion was reached that none of these explana- 
tions applied to the results previously published. This conclusion is 
supported by the results of the investigations reported herein. 

CONDITIONS PRODUCING EFFECTS SIMILAR TO THOSE OP SELECTIVE 
FERTILIZATION 

Relative Compatibility of the Pollens as Indicated by Dkokeek of 

Fertilization 

Evidence was given in an earlier paper by one of the writera {22 y 
Table 23) thht pollen of upland cotton, when present alone on the stig- 
mas of Pima Egyptian cotton flowers, oflfected fertilization in a degree 
equal or even superior to that effected by Pima pollen when present 
alone on the Pima stigmas. Additional data as to the mutual cofn*^ 
patibility of these cottons have been obtained in later experimenfo, 
the results of which are summarized in Table 2. 
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Table 2. — Mutual compalihihty of the two lypea of cotton «« ahown hy degrees of 
fertilization effected by pollen of Pima Egyptian and of upland cotton {Lone Star 
and Acala vanetieft) whc7i applied separately to stigmas of one or the other lype^ 
measured by the percentage of bolls retained and the mean number of seeds per boll ® 


Ycrtr 

K\i)er- 

imeiit 

No. 

Folliimtiun 

Flowers 

imllinated 

Bolls re- 
tained 

Seo<ls per 
boll 





.\fean num- 



\nmber 

Per cent 

ber 



f JMma X Flnm 

99 

99. OrfcO. 07 

1.1. CiO. 24 



Pima X Tionc Slur 

100 

9f). (H:L32 

17. Oi .20 

1922 


IMfleience .. 


3. Oil. 48 

1.4± .31 


Lone Star X Lone SI Hr ... 

IK) 

22. 2i2. 82 

:i0.1iI.14 



Lone Star X Pima 

100 

12. 0;-t:2. 19 

24. 3±1. -M) 

1 

OilTe.rencc . 


10. 2i3. .17 

.1. Si l. 73 

i 

M’iinu X Pima . . .. 

,10 

92. 0d:2. .19 

I.1.3.-t ..38 

! 

Pima X Lone SI or , .... 

.K) 

82. 0±3. 00 

i7.oi .m 

i 

DilTcrence 


10. 0±4. 49 

2.3i .52 

1922 . :i 



-.-.irr 

■V . 


lionc Slar X i.orie St nr 

49 

49. O-i-4. SI 

:w.3± .ss 


Lone Slar X Pima 

.10 

42. 0i4. 72 

31..1± .09 


DitTerence. 


7. Oifi. 7.1 

I.8il. 12’ 


flMnm X Pima . . 

93 

92..1±1.S1 

1.1. 0± .22 

192:* 

r 

1 1’ima X A cala ... 

1 Difference 

97 

94. 8± 1.52 

10. 7± . 25 

! 


2. 3i2. 39 i 

1, i± 


Tima X Pima 

KNl 

0.1. 0i3. 22 1 

10. 2± . 23 

1927 


Pima X Acala. 

100 

05, 0rt3. 22 | 

17. .1i . 24 

i 

DifTeremv 


0 ±4. .15 i 

1.3i .33 

i 

f Pima X Pima 

101 

~97. oiT 1.1 1 

18 0± . 21 

j 

Pima X Acala 

1 

UK) 

93. Oil. 72 j 

18. 2i . 23 

j 

1 

DilTorcnw j 


4 0:t,2. 07 ! 

.2± .31 

Mtts : 






'1 

Acala X Acala . 1 

.10 

9S.n.+ J.33 j 

W()± . 2.1 

1 


Acala X Pima 

•TO 

90.0il.K7 1 

31. li .51 

! 

DitToremr j 


2 0.4:2. 30 j 

I.9i .,17 


"Thp much heavier rate of boll .shedding in upkind a.s compared with Egyptian cottons is reflected in 
the much lower T>ermitage.s of bolls retained from pollinations on the, upland {slants in the experiments 
r)f 1922. The effect of njtncjval of most of the early flowers is seen in the high percentage of bolls retained 
on the A(«1a plants in the e.xperiment of 1928. The mean number of seeds per boll is, of course, much 
greater in the large 4-lock, or 5-]<Jck upland bolls than in the small, mostly 3-lock, Fima bolls. 

The data in Table 2 show no significant differences for either cotton 
in the percentages of bolls retained from pollination with like and with 
iinjike pollen. As indicated by this criterion, the tw o pollens are equally 
efficient w^hen applied separately to the stigmas of either type. In all 
the experiments except that of i928, in w^hich there was practically no 
difference, the mean number of seeds in the Pima bolls w^as significantly 
greater when the flowers were pollinated with the unlike (upland) pol- 
len than when they were pollinated wdth the like (Pima) pollen. In the 
three experiments in w'hich the results of pollinations on upland plants 
were compared, the mean number of seeds in the upland bolls w'as 
greater when the flowers had been pollinated writh the like (upland) 
pollen than when they had been pollinated w4th the unlike (Pima) i)ol- 
lefi, and the difference was significant in tw^o of these experiments. 

& far as may be concluded from the data at. hand, it appears that on 
tlle*Piina stigmas the fertilizing ability of the unlike (upland) pollen 
usually is somewhat greater than that of the like (Pima) pollen and 
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that on the upland stigmas there is usually a difference in favor of the 
like (upland) pollen. As a result of these differences, the action of se- 
lective fertilization in favor of the like pollen would be partly counter- 
acted in the Pima flowers and somewhat exaggerated in the upland 
flowers. Somewhat greater viability of the upland pollen seems to be 
indicated by these comparisons, although, as will be shown in the fol- 
lowing section, tests in sugar solution have shown no consistent differ- 
ence in the viability of the two kinds of pollen. 

Relative Viability op the Pollens as Indicated by Behavior in Sugar 

Solutions 

No very satisfactory artificial medium for the germination of cotton 
pollen has been devised {2), Observation of the germination of the 
pollen when placed on the stigmas of cotton flowers is difficult because 
the pollen tubes can not bo distinguished readily from the hyaline pro- 
jections of the stigmatic surface. It was discovered by A. E. Longley •* 
that pollen of Pima and of upland cotton germinates readily when 
placed on com silks, although care must be taken not to have the 
surface too moist, as otherwise the grains burst. Doctor Longley 
noted that both on com silks and in an artificial medium of 2 per cent 
agar + 15 per cent cane sugar the tendency to bursting is greater in 
Acala upland pollen than in Pima pollen. He also observed that the 
tubes from the smaller upland pollen grains are only about half the 
diameter of the Pima pollen tubes and grow much more rapidly than 
the latter in this medium. 

Observation during several seasons at Sacaton, Ariz., has shown that 
upland cottons produce much nonviable pollen during the early part 
of the summer and during periods of high humidity, while throughout 
the season the pollen of Kma< cotton usually contains but a small 
proportion of nonviable grains. This difference would have seriously 
impaired the results of experiments in selective fertilization had not the 
precaution been taken of deferring such experiments until observa- 
tion indicated that the viability of the two pollens had become 
approximately equal. 

Tests of pollen viability have been made in a 5 per cent solution of 
cane sugar, in wdiich medium, and also in distilled water, the grains 
explode suddenly instead of germinating slowly as they do when placed 
on cotton stigmas. The term '^pseudogermination^' was applied by 
Andronescu (l) to this sudden extrusion of the contents of the grain 
{22y p. 22-25). It seems justifiable, however, to regard the proportion 
of the total number of grains in the field of the microscope that extrude 
their contents in these media as an indication of the relative viability, 
because it is the abnormally small and the abnormally large grains that 
fail to explode. 

In the earlier esmeriments the viablity of the two pollens, Pima and 
upland, was tested by the method just described { 24 ^ p. 832)^ and no 
sigmficant difference was detected. Similar tests were made in connect 
tion with some of the experiments described in the present paper and 
will be considered in relation thereto. No indications were obtained 
of differences in viabilitj; of such magnitude as to impair the evidence 
in favor of #el^tive fertilization. 

— — •( — — — jt-*. 

> Unpul^M ^orlc. 
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Differential Survival of Homozyuotek and Heterozy cotes 

The criterion of selective fertilization used in all the experiintmts has 
been the percentaj^e of homozygous (like X like) individuals in the 
resulting population. This criterion would be open to serious objec- 
tion if there were differential survival of either class of plants at 
germination or in some later stage of growth. If the homozygous 
individuals survived in relatively greater number, the effect would 
be the same as that of selective fertilization in favor of the like pollen. 
On the other hand, better survival of the heterozygous plants would 
counteract the effect of selective fertilization in favor of the like pollen 
or, if the difference in rate of survival w'erc great enough, it might 
create the appearance of selective fertilization in favor of the unlike 
pollen. 

Determinations of w'eight. and of percentage of germination were 
made on the seeds resulting from separate ap])lic.ation of the two 
pollens in experiment 1 of 1922. (Table 2.) The results, summarized 
in Table 3, indicate that the lieterozygous seeds, obtained by fertili- 
zation with unlike pollen, were somewhat heavier and germinated 
better. The difference in percentage of germination w'as of consider- 
able magnitude betw’een the seeds from upland flowei*s pollinated 
with like and with unlike pollen, respectively. It may be assumed, 
therefore, that whatever differential survival occurs at germination 
favors the heterozygotes and prevents the full expression of selective 
fertilization in favor of the like pollen. 


Table 3.- - JidaHve genmnatum of nerOa ohlainetl hy pollinating flowrrs of Piwa 
Kgypiian and of Lone Star upland cotton tciih. pollen of each type neparately 


rollitiatuin 


M(>an weiRhlj Mean gor- 
! of 5() smls “ ; ininat ion 


HTum» Percent 

Piiria X I’imn , n.444rO.(W ■ K.'*.9±l.0S 

Finm X upland . r,.76i .03 I Ol.Odr .86 


Di(Tercn<*c... 

Upland X upland 
Upland X I'iiun... 

DHTcrenfe.-. 


.04 : 5. Id::!. 38 

(-..rnTTiw 

6.70d:.20i 74,4±1.86 


.47± .21 j 17.2±2.81 


" The weights were determined on lots of 60 seeds eac'h, distributed nniong ihe s(>veral i>ollinutions as 
follows; Pima X Pima, 30; Pima X upland, 32; upland X upland, 13; upland X Pima, ,*». The means 
were computed fronj the weights of the sevtsral lots representing eiich pnllinalion. 


In connection with the experiments on selective fertilization |K'r- 
formed in 1 922 and described in an earlier publication, consideration 
was given to the question whether there had been differential survival 
at any stage from germination to the time wdien the plants were 
large enough to distinguish with certainty between the homozygotes 
and the heterozygotes. The conclusion was reached that selective 
survival at or after germination, as indicated by comparing the per- 
centages of hybrids where the conditions w'ere more favorable and 
less favorable to the growth of the plants, had not been an important 
factor in bringing about the observed results. Indirect evidence w as 
presented that the results are not attributable to selection between 
the homozygotes and heterozygotes at any stage between fertilization 
rtnH germination (24, p. 33SS35). 

At the time these experiments were performed the soil of the 
Sacaton station was only very locally and nowhere seriously infested 
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with nematodes. Subsequently, however, pronounced infestation 
took place. It has been found at this station that cotton of the Egyp- 
tian type is much niore susceptible than upland cotton to injury by 
these organisms, which frequently cause heavy mortality among the 
plants of Pima and other Egyptian varieties, especially in the seed- 
ling stage. It has been observed, also, that the Pima X upland Fi 
plants are less susceptible to such injury than the Pima plants, 
although more so than the upland plants. There is good reason to 
believe that selective survival of the heterozygous plants, due to this 
factor, has invalidated some of the results obtained in recumt years, 
as will be discussed in connection with the experiments involved. 

DIFFERENTIAL GROWTH RATE OP POLLEN TUBES AS A CAUSE OF SELECTIVE 

FERTILIZATION 

The occuiTonce in cotton of selective fertilization in favor of lik(> 
pollen is believed to have been proved by the evidence that difrei- 
ences in compatibility and viability of the pollens and rate of survival 
do not account for the observed excess of homozygous plants in the 
populations from mixed pollinations. The question next to be con- 
sidered is whether the selection is due to differential growth rate of 
the pollen tubes. 

Evidence has been obtained by Jones and other investigators 
p, 10-1^4) that in maize and other plants selective fertilization is 
due to differences in the rate of development of the two pollens, 
conditioned, presumably, by genetic differences in the determiners for 
pollen-tube growth. Direct observation of grow th of the i)()lleii tubes 
in the pistils of the cotton plant has not been attempted, but two 
indirect methods of calculating the relative rates of grow th have been 
employed. The first method involved the pollination of different 
individual flowers, some with like and some with unlike |)olIen. The 
pistils were excised at the summit of’ the ovary at stated intervals 
after the pollen was deposited, and the degi ees of fertilization attained 
in each period with each kind of pollen were compared. This will be 
referred to hereafter as the excision method.^ 

The second method, used by Con*ens in his studies of .selective fer- 
tilization in Melandrium (Lychnis), assumes that in plants whose 
ovaries contain many ovules vertically superposed, if twro pollens are 
applied that differ in their rate of tube growth, the faster growing 
pollen will fertilize the upper ovules first and if the quantity of pollen 
is limited the lower ovules will be left to fertilization by the slower- 
powing kind. If the resulting seeds from the upper and the lower 
half of the capsule are planted separately, a higher perccnta-2e of 
hybrids from the lower seeds than from the upper seeds would there- 
fore indicate that the tubes of the unlike pollen had growm more slowly 
than the tubes of the like pollen, and vice versa.® 


* This method was used in studies of Oenothera by Herlbert-Nilsson (18, 19) and of Melandrium by 
Coirens <8). The tenn '‘certallon” (Zertation) was used by Heribert-Nllssou to designate differential 
growth rate of the i>ollen tubes. Harlaud (U) suggests the term *<agonisls,” meauing a struggle, for this 
phenomenou. 

> Correns {», p. 8S8-SW pollinated flowers of a recessive whlte-flowered race of Melandrium rubrum 
Oaroke (LvehnU dioiea L.) first with poUeu of a dominant red-flowered race and several hours later with 
poUen of the white-flowered race. The seeds from the ui)per and the lower part of the rosulting capsules 
were planted separately and there was a much higher percentage of red-flowered individuals In the pepu- 
latifm from the upper seeds than in the populatiou from the lower seeds. He concluded that the pollen 
tubes that enter the ovary first tend to fertilize the upper ovules. A similar method was used by Hlorth (tO) 
in stttdieg of dilferential pollen-tube growth in Oenothera. » 
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Growth Kate Tested by Excision Method 

POTiLKNS APPLIED SEPARATELY 

In an experiment (No. 3) performed in 1922, flowers on plants of 
IHma and of Ijone Star upland cotton were emasculated in the eve- 
ning and pollinated the following morning, some with the like and some 
with the unlike pollen, giving four different pollinations : Pima X Pima, 
Pima X upland, upland X upland, and upland X Pima. The flowers 
representing each pollination were then divided into lots of approxi- 
mately 50 each, and the styles and stigmas of the several lots were re- 
moved, by excision at the summit of the ovary, at successive intervals. 
The excisions were made at 5, 8, and 1 1 p. m. of the day of pollination 
and at 5 a. m. of the day following, corresponding, n'spe<*tively, to th(‘ 
following number of hours after the pollen was applied: 8, 1 1, 14, and 
20. In an a])proximately ecpial number of flowers reiiresenting each 
])ollination the styl(?s and stigmas were not excised, and these flowers 
served as controls. The number of flowers of a given pollination, ex- 
cised at a. given hour or left without excision, was in no case fcwei* than 
44. The bolls developing from these several treatments were collected 
when they matured, and rec<»rd was made of the number of bolls froni 
each lot of flowers and of tlie number of seeds in each boll. From 
these data the statistical constants in Table 4 were com])uted. 

The results from excision of the styles and stigmas at successive 
intervals, as given in Table 4, show that while the ovaries of a few of 
the Pima flowers had been penetrated within 8 and 1 1 hours after polli- 
nation by enough pollen tubes to insure retention of the boll, no Ixdls 
were retained by the upland flowers exidsed at these intervals. This 
indicates a slower rate of growrth of the pollen tubes in the upland 
pistils, especially as the average length of the latter above the summit 
of the ovary is only about 60 per cent of the average length of the 
corresponding portimi of the Pima pistils. Even when ex<‘ision was 
deferred until 14 hours after pollination, the pejcentage of bolls re- 
tained, relative to that of the respective (‘ontrols, was much greater 
from the Pima than from the nphnui flow^u’s; but the number of seeds 
per boll, relative to that of the respective controls, indicated better 
fertilization of the upland than of the Pima flowers during this period. 

A comparison of the tw'o pollens as to relative growth of their tubes 
in the pistils of each kind of cotton show^s that the rate of penetration 
of the ovary, as measured by the fertilization attained, w as nearly the 
same for both pollens, in both the Pima and the upland flowers. 
Neither the percentage of bolls retained nor the mean number of seeds 
per boll ditfered significantly between the two pollinations on flow^ers 
of either type, wdth three exceptions. Bolls matured from 2 of the 49 
Pima flowem pollinated with Pima pollen and excised after 8 hours, 
whereas no bolls matured from the upland flowers pollinated with 
Ihma pollen and excised at the same time. Also, in bolls from Pima 
flowers excised after 11 houi*s and from those not excised, pollination 
with upland pollen gave a significantly greater mean number of seeds 
than pollination with Pima pollen.® So far as may be judged by the 


* W’hen comparison is made of the results from excision after 14 hours with the results from the uiwxcised 
(control) flowers the relative mean numbw of .seeds after 14 hours is seen to be considerably greater from the 
Ruination Pima X Pima than from the pollination Pima X upland. As percentages of the numbers from 
ihetesiiective controls, the values are M.2 ± 4.1 and 89,7 =b 4.3. The probable errors were computed as 

th« probsw. error the quottent ^ 

howevor, Is hardly significant, being only 2.8 times its probable error. 
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results obtained by this method^ there is, however, no important and 
consistent difference in the rate of growth of the tubes of the two kinds 
of pollen in the pistils of either typo of cotton. 

Table 4. — Relative compUteneea of fertilization, as indicated hy the percentage of 
bolls retained and the mean number of seeds per boll, in flowers of Pima Egyptian 
and Lone Star upland cotton, pollinated with like and with unlike pollen, from 
which the styles and stigmas had been removed by excision at successive irUervals 
or had not been removed " 

(Experiment No. 3» 1922] 


Interval between pollination and 
excision 


8 hours. 


11 hours.. 


14 hours. 


20 hours. 


Control (not escltted) . 


Pollination 


Pima X Pima— . 
riniaX upland , 


Difference.. 


Upland X upland.. 
iJ])laud X Pima.--. 

Difference.—. 


Pima X Pima 

Pima X upland.. 

Difference.. 


Upland X upland. 
Upland X Pima... 


Dillerence., 


Pima X Pima.- 
PimaX upland. 

Difference .. 


Upiand X upland . . 
Upland Pima ... 


Difference.. 


PiinaX Pima... 
Pima X upland. 


Difference... 

Upland X upland. 
Upland X Pima. .. 

Difference,. - 


Pima X Pima... 
Pima X upland. 

Difference.— 


TTpland X upland. 
Upland X Pima-- 

Difforenoe... 


Bolls re- 
tained 


Per cent 
4. Jd=1.80 
0 


Seeds t)er 
boll 


Mean number 
J4.0A-2.86 
0 


4.1±1.8 


i 4 .o± 3 .:n 

10.0±2.86 


4. 0di4. 4U 


00. 4±4. 77 
64.()=fc4.75 


ft.4±0.74 


8. 3:h2. 08 
14.0±3.31 


f).7dr4.20 


70.0d:4.07 

78.0dr3.»5 


14.0:d;2.80 


4.0±1.ri8 

13.2±1.H4 


8. 3±2. 42 


8. C>db . W 
7.V± .74 


l.Od: .Of) 


27.2dr3.3fi 

2.V3±1.87 


1.«.±3.84 


15. 0± . 57 
10.3d= .45 


2.0±h.6S I 1.3rt .73 


15.9=t3.73 

18.8d=3.81 


2.Udr5.34 


92. 0±2. 59 
82.0=b3.60 


10.0d:4.48 


49.0^4.81 

43.Qd=4.72 


7.0±6.74 


32.l±1..59 
32. 9d: 1.30 


.8db3.06 


15. 3:^: .38 
17.fi=fc .80 


2. 3± . 52 


3.3. 3± .88 
'i].b± .09 


I.8d:1.12 


* The heavier rate of boll shedding, characteristic of upland as compared with Pima cotton, is indicated 
by the mudh lower iiercentages of bolls retained from the upland flowers in comparison with those retained 
from the Pima flowers. The mean numbers of seeds per boll are of course greater In the large 4-lock and 
5'look upland bolls than in the small, mostly 3-lock Puna bolls. 


Great variation in the rate of growth of individual pollen tubes is 
indicated by the data in Table 4. In a few of the Pima flowers the 
number of tubes that penetrated the ovary within 8 hours after pol- 
lination was sufficient to insure retention of the boil, but 20 hours were 
required to effect a degree of fertilization approximating that of ‘the 
control flowers. Taking 33 mm, as the average length of the Pima 
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pistils from the summit of the stigmas to the summit of the ovary, 
the indicated variation in the mean hourly growth rate of the pollen 
tubes was from 1.65 mm. (33/20) to 4.12 mm. (33/S). In the upland 
flowers a sufficient number of pollen tubers to insure retention of the 
boll had not penetrated the ovary within 11 hours after pollination. 
Assuming that at least 12 hours is required for penetration, and taking 
20 mm. as the average length of the Lone Star upland pistils, the 
most rapid growth rate of the pollen tubes in the upland cotton pistils 
apparently did not exceed 1.67 mm. (20/12) per hour, which is 
practically the same as the minimum computed for the rate of growth 
in Pima pistils.^ 

Table 5. — Relative completeness of fertilization, as indicated by the percentage of 
bolls retained and the mean number of seeds per boll, in flowers of Fima Egyp- 
tian cotton, pollinated with like arid with unlike pollen, from which the styles and 
stigmas had been removed by excision at successive intervals or had not been 
removed 

[Exiieriineut No. 7, 192r)] 


: B(»lls retained and mean riuml)er of seexis after indicateil interval between 
pollination and excision 


Pollination 

12 hours 1 21 hours j 

j (\mtrol (not excLsctl) 


Bolls re- 
tained 

1 j Bolls re- 

1 I tained 

1 Peeds 

Bolls re- 
tained 

1 

Seeds 

IMina X Pima. . 

Pima X upland 

, 

Per cent 

' 23.5±2.8S 

27.3±:i.02 

[ Mean j 

1 number •! Per cent 
j 5.0zfc0.«7 ! 8l.2±2.G9 
; 5.8d: .40 : 82.0dj2.58 

Mean 

number 

13. 3-.4=0. 30 
15. 4d: .28 

Per cent. 
92. 5d: 1.84 1 
94.8dr1.52 

Mean 
number 
15.f)±0.22 
10.7d7 .2.5 

Difference 

3.8rfc4.17 

1 .8±.7H! L4±3.73 

2.1=fc .41 

2.3±2.39 

l.ld: .33 


111 a similar experiment (No. 7), performed in 1925, flowers on 
Pima plants were emasculated, and half of them were pollinated 
with Pima pollen and half with pollen of Acala upland cotton. In 
approximately equal numbers of flowers of each pollination the styles 
and stigmas were excised at intervals of 8, 10, 12, and 21 hours after 
the pollen was applied ; a fifth lot was left without excision, as a con- 
trol. Each lot comprised from 93 to 100 flowers. There was no fer- 
tilization of the flowers excised 8 hours after pollination, and the 
number of bolls retained from flowers excised after 10 hours was only 
2 in the population Pima X Pima and 5 in the population Pima X 
upland. The results from the later excisions and from the controls 
are given in Table 5. 


^ Tbe length of the pistil from the summit of the stiKina.s to the apex of the ovary was measured at Sacaton 
in 1922 on 50 flow'ers ouch of Pima Kgyidian and Lone Star upland cotton and in 192;i on 50 ilowers each of 
Pima and of the Lone Star and A(;nla varieties of upland cotton. The moans obtained were a.s follows 
(millimeters): 

Pima j Lone Star Acala 

32.2=fc0.1Gj 17.2db0.ll 

34. l=h . n i 22. r.± . 17 23. 4±0. J5 

33.2 j 19.9 I 


Determinations of the distance from the ufiox of the ovary to the uppermost ovule gave the following 
means: 2.9 0.03 mm. for Fima (15 flowers) and 2.3 0.08 mm. for Lone Star (10 flowers). Since 

in the experiments described in this section the excisions were made at the apex of the ovary, only the 
distance from the summit of the stigmas to that point need be ronsidered. 

Under natural (conditions the time available for penetration of the ovary is limited by the number of 
hours from the opening of the (*orolla and deposition of pollen to the abscission of the pistil at the summit 
of 4h9 ovary when the flower withers. The mean length of this period, as determined at Sacaton in 1922 on 
50 Pima flowers, was 20 hours. It has been observed that it is somewhat lunger in humid, cloudy weather 
and shorter in dry, sunny weather. 


1922 

1923 

Average. 
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The percentages of bolls retained from the two pollinations did not 
differ significantly in any of the subpopulations, but from flowers of 
which the styles were excised 21 hours after pollination and from the 
unexcised (control) flowers the mean number of seeds was signifi- 
cantly higher in bolls from flowers pollinated with unlike pollen 
(Pima X upland) than in bolls from flowers pollinated with like 
pollen (Pima X Pima). The mean difterences were 5.1 and 3.3 
times their respective probable errors. These differences suggest a 
difference in the viability of the two pollens. Tests in sugar solution 
of the pollens used in this experuuent indicated that such was the 
case, as the pollen from several Pima flowers contained from 20 to 50 
per cent of defective grains, while the number of such grains in the 
samples of upland pollen was negligible. There was, however, iio 
appreciable difference in the rapidity and completeness of explosion 
of the normal grains of the two pollens. The pollinations were made 
with such a large exc.ess of pollen grains that it is improbable that the* 
content of defective grains in the Pima j)ollon was a.n important 
factor in the result. 

Table 6, — Differences between Pima and upland cotton in rate of pollcn^uhe 
growth, as indicated by the increase in mean, number of seeds per boll from the 
control flowers excised later or not at all over the mean number of seeds per boll 
from flowers excised earlier 


Year 


Kxpori- 

ment 

No. 


Pollination 


' Interval between 
pollination and 
I excision 


Shorter | lAmKor 


Increase 
in moan 
niiTui>er 
of smuls 
in the 
j controls 


i»2« .. 


IW22. 


1922. 


1026. 




‘3 


/lours ! Honrs 


[Pinm X I’iimu ! 

J Pima X upland j 

l«.M> 

'"'•uU 

2. Ud:.0. 78 
.8±l.0H 

1 DiJTeronce 

jPimaX IMma ! 



Ji 

(-) 

Kn 

2.1drl.32 

().7-b .70 

1 Pima X upland .. J 

1 DilTerenw .J 

14 

1 

10. (ii .82 

3. 9=tl. 08 

(Upland X upland,-. 

14 

(0 

G.l±3.46 

Upland X Vima i 

14 

(0 1 

1 1 

j n.2=b].9U 

DiiTorcnce i 


1 

.1:J;4.00 


jfPinia X Pima... 
jy j I Pima X upland. 


12 j ( 

) 10.()d= 

.71 

I. i 1 

) 10. 

.47 


Diflereuce. 


.3=fc .8.*) 


■> The data of this experiment are Riven in another pai)6r {112, Table 24 ). No flowers were left unexcised, 
so flowers excised 24 hours after pollination are taken as the controls. 

Data given in Table 4 of this paper. 

0 Not excised. 

^ Data given in Table 5 of this paper. 


Table 6, summarizing the results of several experiments, shows a 
comparison of the degrees of fertilization attained by applying the 
two pollens separately and allowing a shorter and a longer interval for 
the pollen tubes to penetrate the ovary. The data indicate in only 
one comparison a significant difference between the two types of 
cotton in the rate of growth of the pollen tubes. In the exporiqjent 
of 1922 tfa# increase in the mean number of seeds from the unexcis*ed 
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control flowers over the mean number from the flowers excised 14 
hours after pollination was decidedly greater for the Pima flowers 
fertilized with ^land pollen than for the Pima flowers fertilized with 
. Pima pollen. The difference of 3.9 seeds between the mean increases 
may be considered signifi(5ant, being 3.6 times its probable eri’or. Jn 
this case the fact that fertilization was more nearly complete after 
14 hours in the flowers that received pollen of their own variety than 
in the flowers that received pollen of another species (upland) indi- 
cated more rapid growth of the tubes of the like pollen. 

it may not be concluded, however, from the evidence in Table 6 
that more rapid growth of the tubes of the like pollen in the J^ima 
pistils is the rule. In the experiment of 1920 the comparison indicated 
more rapid growth of the unlike pollen, although the difference was not 
significant and in the experiment of 1925 there was practically no 
difference between the two pollens. Tlie only comparison of the i-at** 
of growth of the tubes of different pollens in pistils of upland cotton 
(upland X upland and upland X Pima in the experiment of 1922) 
gave no evidence of a diflerence in rate of growth of the like and the 
unlike pollen tubes. 

POLLENS APPLIED MIXED 

It has been seen that excision experiments in which the two kinds 
of ])ollen were applied separately gave no evidence of a consistent 
difference in the growth rate of the tubes. It does not follow, how- 
ever, that tlie growth rates arc the same when a mixture of both 
])ollens is presented to the stigmas of the same individual flower. 
To test this point, an experiment was made in 1925 in which Pima 
(lowers were emasculated in the evening and pollinated the following 
morning at 9 a. m. wdth an intimate mixture of approximately equal 
(juan titles of Pima pollen and Acala upland iiollen. The pistils of 
ecjual numbers of these flowers wer<‘ then excised at. the summit- of 
the ovary at intervals of 9, 11, 13, 20, and 24 liours, respectively, after 
])olliiiation ; a sixth lot- was left unexcised, as a control. 

Tests in sugar solution of pollen from five flowers of each vari(d.y, 
made at the beginning of the experiment, indicated a slight difference 
in viability in favor of the upland pollen. The estimated percentage 
of small and doubtless defective grains varied from 5 to 10 per c.ent in 
the several Pima flowers and from 2 to 5 per cent in the several upland 
flowers. In each lot of pollen there W’^ere also a few abnormally large 
grains, which failed to explode or exploded only after very long immer- 
sion. There appeared to bo no difference between the Pima and up- 
land pollens in the rapiditj^ and completeness of explosion of the 
normal-sized grains. 

This experiment was planned on the assumption that if the f.ubes 
of the like (Pima) pollen reached the ovary sooner than the tubes of 
the unlike (upland) pollen, the percentage of homozygous individuals 
in populations grown from the resulting seeds would be greater in 
populations from the earlier-excised flowers than in populations from 
flowers excised later or not excised. Only 2 or 3 bolls each matured 
from the lots of flowers that were excised 9 and 1 1 hours after polli- 
nation. The seeds produced by the remaining lots of flowrers were 
planted in 1926, and the percentages of homozygous individuals in 
thfese populations are given in Table 7. 
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Table 7. — Percentages of homozygous {Pima) plants in populations from seeds 
produced by Pima flowers which were poUinaied with a mixture of Pima and upland 
pollens and from which the styles arid stigmas had been removed by excision 18 ^ 20 ^ 
and 24 hours after pollination, or had not been removed 

[Experiment No. 6, 1925] 


Interval between pollimition and exeision (hours) 


Plants 

grown 




2(L_ 

24.. 

Control (not o.vrised) 


Nvmbn 

K3 

002 

650 

627 


Of depar- 
tures of 
nural)ers 
observed 

Iforaozy- from 
gous plants numbers 
expected in 
the absence 
of selective 
fertiliKatlou 


Per cent 
61.9:£2.85 
88 . 2± .83 
90. 7dr . 76 
87. 2± .90 


3.3. 8 
4U:}.8 
536. 6 
:146.8 


Contrary to the assumption, the population from the flowers 
excised earliest contained the lowest percentage of homozygous plants, 
indicating more rapid growth of the unlike (upland) pollen tubes. 
The percentage for the 13-hour excision does not, however, differ 
significantly from any of the others except, possibly, from the per- 
centage for the population from flowers excised after 24 hours, and in 
this case the difference is only three times its probable error. It must 
be concluded that this experiment gave no satisfactory evidence of a 
difference in the growth rate of the two pollens when botli are present 
on the same stigmas. 

A very pronounced degree of selective fertilization in favor of the 
like pollen is shown by the data in Table 7, notwithstanding the some- 
what greater viability of the upland pollen indicated by the tests in 
sugar solution. The departures, in the several populations, from the 50 
per cent of homozygous plants expected if there had been no selective 
fertilization were, respectively, 7, 25, 27, and 23 times the probable 
error of the departure. The magnitude of of the departures of 
the observed numbers of homozygous and heterozygous plants from 
the numbers expected had there been no selective Fertilization indi- 
cates, in every case, chances many more than 100 to 1 that the depar- 
ture is significant.® Since the sli^t difference in viability of the two 
pollens indicated by the results of tests in a sugar solution was in 
favor of the upland pollen and the pollinations were made on Pima 
flowers, the tendency of this difference would have been to obscure 
rather than to magnify the effect of selective fertilization. 

Growth Rate Tested by Comparing Populations From Upper and 
Lower Seeds 

Another method for detennining whether there is differential 
growth rate of the tubes from like and from unlike pollen is to apply 
to the stigmas a mixture of the two kinds of pollen and to determine 
the proportion of homozygous plants in populations grown from the 

*1% is noteworthy that the percentam of homosy^iu plants in the population from the unexcised (control) 
^wers in this ei^iment is almost the same as in the comparable population C of experiment 6 growd the 
same year from flowers pollinated in the same manner as In the experiment here described, and not excised. 
(Tabled.) 
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upper and from the lower seeds in the resulting bolls. This method is 
based on the assumption that the apical ovules are likely to be fer- 
tilized bj the pollen tubes that enter the ovary first. ” In that case the 
populations would be expected to differ in the percentage of homo- 
zygous plants, the percentage being greater in the population from 
upper seeds if the like pollen grew more rapidly and in the population 
from lower seeds if the unlike pollen grew more rapidly. In the exper- 
iments described in an earlier paper (24, p. SS7, 238) application of 
this method showed no significant differences between the populations 
from upper and from lower seeds, but this may have been due to the 
fact that the number of pollen grains placed on the stigmas was many 
times greater than the number of ovules. 

With a large exciess of pollen, the tendency would be to fertilization 
of all or nearly all the ovules by the more rapidly growing kind of 
])()llen, and there would be less likelihood of a difference in the pro- 
jjortion of homozygotes and heterozygotes between the populations 
from upper and from lower seeds. On the other hand, if the number 
of pollen grains in the mixture does not greatly exceed the number of 
ovules, fertilization of the upper ovules by the more rapidly growing 
])oll(»n and of the lower ovules by the slower-growing pollen may be 
expected.^^^ Exfieriments with pollen mixtures, therefore, were undej- 
taken in which the total number of pollen grains applied to the stigmas 
w as not greatly in excess of the number of ovules. 

In an (experiment (No. 6) pc^rformed in 1926, 15 grains of Pima pollen 
and 15 grains of Acala upland pollen wrere mixed together and the 
mixture was applied to the stigmas of 75 emasculateci Pima fiow^ers. 
Thus, 80 grains of pollen w^ere applied to each flower, although the 
average number of ovules in the ovary of the Pima floww is approxi- 
mately 21 (22, p, 51). The excess of 9 grains w^as intended to com- 
pensale for possible la<?k of viability in a few" of the pollen grains. 
Bolls were j*etaiiied from 62 flowers (82.7 per cent of the number 
treated) and the mean number of seeds in th('se bolls was 7.7, whereas 
in previous expcuhiumts in which much larger quantities of pollen 
were applied to emasculated Pima flowers, the mean number of seeds 
per boll was from 16.0 to 17.0. It may be concluded that the 80 
grains of i)ollcn used in the present experiment were too few^ to give 
the maximum degree of fertilization attainable in emasculated and 
artificially pollinated flowers. 

The bolls that matured were divided into upper and lower halves 
and the seeds from each half were planted separate! v in 1927 to 
determine the percentages of homozygous plants. I'he resulting 
data, given in the upper section of Table 8, show no evidence of a 
difference in rate of growth of the two kinds of pollen, the difference 
between the percentages of homozygous individuals in the two sub- 
populations having only slightly exceeded the probable error of the 
difference. Moreover, there was no evidence of selective fertilization. 


> That this may be the case In cotton is indicated by data obtained by liea (SS), who found that in upland 
cotton bolls the proportion of motes or unfertilized ovules increases from the top to the bottom of the boir. 

>0 Correns (8) found that in the dioecious Melandrium rubrum the percentage of pistillate plants in the 
resulting prorony was greater when the flowers received a large excess of pollen than when n smaller uumlier 
of pollen grains was applied. He concluded from this fact that the tubes of the pistillate-determining 
grains grow faster than the tubes of the staminate-determining grains, aeferences to earlier papers of this 
author are given in the publicati<mi cited. The possitdlity of distortion of Mendclian ratios as a result of 
differential growth rate of the tubes of genetically ditTerent pollen grains seems first to have been suggested 
by Heflner {Sff), who later (SI) obtained different ratios in Oenotbera depending uimn whether few or many 
pollen grains were used. The assumption was that w'hen pollen is used sparingly the slower-growing tubes 
have a chance to fertilize more of the ovules. 
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the percentage of homozygous plants in the combined population not 
having departed significantly from «50 per cent. The probable reason 
for the apparent absence of selective fertilization will be considered 
presently. 

Tablis 8 . — Numbers of plarUs and percentages of homozygous plants hi populations 
grown fro7n seeds from the upper half and from the lower half of bolls produced by 
Pima flowers pollinated with mixtures of equal numbers of grains of Pima arid 
upland pollen 

KXPEKIMENT OF 1026 


Pollen grains apiilied 

i Plants from •- 

1 Homozygous plants from— 

X* of dei>ar- 

. . 
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hers ex- 

Kuril kind 


1 Upiier 
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I All 
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Tiower 

; All 

jiected in 

(niiiTitior) 

” ‘‘ 

1 seeds 

seeds 

seeds 

seetls 
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of selective 
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i 

(from all 





1 

1 


! 

seed.s; 


\Nwmbef Number 


[Number 

Per cent 

Per cent \ 

1 ■■ ■"■ ■■■ 

1 Per cent 


Ifi 

30 

i “^1 

155 1 

292 

45.3d:2.87 

49. 7=fc2. 71 

47.6dbl.07 

0.07 




15XPEHIMENT OF 1927 




15 

:io 

1 

272 

295 

667 

1 

67.0dr2.02 

67.0i:1.94 

67.0db.l.40 

11. 12 

20 ! 

40 

25K 

171 

429 

49. 7d^. 10 

62. 7±2. 67 

60. 8dbl.63 

. 11 

25 1 

50 

78 

125 

203 

50.0dr3.K2 

48.8±3.0l 

49.8rb2.37 

.04 

1 

60 

156 

182 

3:18 

48. 7dr2. 69 

47.8±2.50 

48.2drl.83 

.44 


In a similar experiment (No. 1) performed in 1927, four lots of 
emasculated Pima flowers wet'e polhnated with mixtures of 15, 20, 
25, and 30 grains oa(‘h of two kinds of pollen, Pima and Acala upland, 
hence with fntals of 30, 40, 50, and 60 grains, respectively. There 
were no significant differences among the several lots of bolls obtained 
in respect to the mean number of seeds, hence no evidence that 60 
grains of pollen effected more nearly complete fertilization than was 
attained with 30 grains. The mean number of seeds having ranged 
from 11.9 to 13.3 in the several lots, the degree of fertilization was in 
all cases much higher than was attained with 30 grains of pollen in 
the experiment of 1926 but fell considerably short of the degree 
attained in earlier selective-fertilization experiments in which each 
flower doubtless received many more than 60 pollen grains.*^ 

The seeds obtained by pollination with the several pollen mixtures 
were planted in 1928 for determination of the percentages of homozy- 
gous plants, seeds from the upper and from the lower half of the bolls 
of each lot being planted separately. The resulting data are given 
in the lower section of Table 8, 

In none of the popidations resulting from pollination with different 
numbers of pollen grains did the subpopulations from upper and from 

11 The better fortUizetion in 1927 than in 1920 probably is accounted for by the fact that the plants used 
in the experiment of 1926 were somewhat stunted, while the plants used in 1927 were vigorous and healthy. 
The deficient fertilization in the experiments of 1926 and 1927 dries not necessarily imply that there were 
not sufficient numbers of viable pollen grains to fertilize more of the ovules, but may have been due to iso- 
lated position on the stigmas of the r^atively few grains applied. Brink (7) found that in Cucumis the 
pollen develops better when the grains are massed than when they are scattered . From this fact he infenod 
the secretion of mutually stlmabting substances and concluded that these are apparently products of the 
metabolism of the pollen tube; they arc readily diffusible and are utilized mote completely when the tubes 
am massed.** 



Feb. 1 , 1932 Pollen Antagonism in Cotton 205 

lower seeds differ significantly in the percentage of homozygous 
individuals, the difference in every case being smaller than its probabJo 
error. It appears that even when the total number of pollen grains 
(30) only slightly exceeded the number of ovules, the unlike (upland) 
pollen fertilized the ovules in the upper part of the ovary as readily 
as it fertilized the lower ovules. This finding, according with that 
of the experiment of 1 926, indicates that there was not a more rapid 
gi’owth of the tubes of the lil^e pollen than of the unlike pollen. 
As the total number of pollen grains was not much greater than the 
number of ovules, if the tubes of the like pollen (Pima) had penetrated 
the ovary sooner than the tubes of the unlike pollen there should have 
been a higher percentage of homozygous plants in the subpopulation 
from upper seeds than in the subpopulation from lower seeds. 

A slight but perhaps significant degree of selective fertilization w^as 
show^i by the population from jKdlination with 30 grains, the percent- 
age of homozygous plants being 57 per cent and the depa]*t.urc from 
50 per cent being 3.5 times its ]>robable erj-or. The value of for 
the departun^ from ecpial numbers of homozygous and heterozygous 
f)lants expected in the absence of selective fertilization is 1 1 .1 , indicat- 
ing chancels of inore tlian 100 to 1 that the departure is significant . 
No selective fertilization was shown in the poi)ulations from pollina- 
tion with 40, 50, and 60 grains. 

The absence of evidence of a high degree of selective fertilization 
in the populations of this experiment and in the experiment of 1926 
(Table 8) w’as unexpected. In the experiments of 1022 (Table 1) 
and in the experiment of 1925 (Table 7) in which each flower must 
have recived many more than 60 pollen grains, selective fertilization 
was very pronounced, as the populations grown from s(',eds produced 
by double pollination of Pima flowers with approximately equal quan- 
tities of Pima and upland pollen contained from 67 to 91 per cent of 
homozygous individuals. The ca\ise of this difference apparently lies 
either in the greater viability of the unlike (upland) pollen used in 
the experiments of 1926 and 1927 or in selective survival in favor of 
t he heterozygotes. 

The viability of the two kinds of pollen used in these later experi- 
ments was not tested directly, but all earlier tests indicated ecpial or 
nearly equal viability; and tlu^, two pollens, wdien appli(*d separately 
to the stigmas of Pmia flowers, have always produced very nearly 
equal degrees of fertilization. That the survival of the heterozygous 
plants may have been favored in the experiments of 1920 and 1927 
IS suggested by the fact that the soil on w'hich these populations were 
grown had become heavily infested with nematodes and that at 
vSacaton Pima cotton is much more susceptible than upland cottons 
to the resulting root-knot disease. The losses from this disease 
have been particularly heavy in the seedling stage. In 1922 and 1925, 
when the earlier experiments were performed, nematode infestation 
was not a factor. It is a fail* assumption, therefore, that more of 
the homozygous (Pima) than of the heterozygous (Pima X \ipland ) 
plants died from root knot in an early stage of growth; in which case 
unduly low proportions of homozygous (Pima) individuals would have 
been recorded. The appearance of a low degree of selective fertiliza- 
tion in favor of the like pollen in only one of the populations from 
the ‘experiment of 1927 may ha ve been due to the chance location of 
this population in less heavily infested soil. 
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The fact that in the experiments of 1926 and 1927 with mixtures 
of the two pollens the subpopulations from upper and lower seeds in 
no case differed sig:nificantly in the percentage of homozygous indi- 
viduals points to the conclusion that the two pollens wore substan- 
tially alike in the growth rate of their tubes. Since the excision 
experiment described in the preceding section also gave negative 
results as to difference in the rate of growth of the tubes of the two 
kinds of pollen when both are present on the same stigmas, the con- 
clusion seems warranted that the tubes from such grains of the unlike 
pollen as escape the inhibiting action of the like pollen grow as rapidly 
and penetrate the ovary as soon as the tubes of the like pollen. It is 
inferred that the inhibiting action of the like pollen expresses itself in 
preventing the germination or early development of many of the unlike 
pollen grains. 

SELECTIVE FERTILIZATION AS AFFECTED BY INTIMACY OF 
POLLEN MIXTURE AND BY CONDITION OF LIKE POLLEN 

It is believed that the evidence here given has established the reality 
of selective fertilization in favor of the like pollen hi cotton and has 
eliminated differential growth rate of the jiollen tubes as a general 
<?ause of the phenomenon. How, then, is it to be explained? The 
hypothesis has been advanced by the writers (^4) that a reaction takes 
place in the stigmatic tissue, making this tissue a less suitable medium 
for germination or development of the unlike pollen. The fact that 
the unlike pollen when present alone on the stigmas effects fertiliza- 
tion nearly or quite as readily as does the like pollen indicates that the 
inhibiting substance supposed to be produced in the stigmas develops 
only imdcr a stimulus supplied by the presence of the like pollen. 

If the hypothesis is well founded, the inhibiting action should be 
greatest when both kinds of pollen are present over the whole stigmatic. 
surface and least when they arc placed separately on different parts of 
the stigmatic surface. In the former case every part of the stigmatic 
and stylar tissues would be affected by <’,ontact with the grains and 
tubes of the like pollen, while in the latter case tracts of stigmatic 
tissue not in direct contact with the grains and tubes of the like i)ollen 
would bo available for penetration by the unlike pollen. It is also 
essential to an imderstanding of the problem to know whether the 
assumed toxin-producing capacity of the like pollen exists only when 
the pollen cells of the latter are intact and viable. If so, penetration 
of the stigmas by the pollen tubes would be indicated as a condition 
of the reaction. Experiments designc/d to afford information on these 
points wei*e carried out in 1925, 1927, and 1928. 

ANTAGONISM PROPORTIONAL TO INTIMACY OP MIXTURE 

An experiment (No. 5) was performed in 1925 to determine whether 
the degree of antagonism is proportional to closeness of contact of the 
two pollens on the stigmas. During a period of 10 days (August 7-16), 
30 flowers of Pima cotton were emasculated daily and were pollinated 
with both Pima and Acala upland pollens. Equal numbers of flowers 
were pollinated in three different ways, as described below. 

Treatment A . — Approximately equal quantities of the two pollens were applied 
to opposite sides , of Ihe same stigmas, so that the two pollens were separated as 
iwiddy as is pos^dhlifr when both were present on the stigmas of the same flower. 
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The application in tliis and in treatment B was made by brushing tiie stigrnatic 
surface with the staminal columns of the pollen-supplying flowers. 

Treatment B . — The two pollens were applied by the method used in earlier 
experiments (IBI), Pima pollen followed by upland pollen on one-half of the 
number of flciwers and the two pollens in the reverse order on the remaining 
flowers. By combining the resulting subpopulations, the result should approxi- 
mate that obtained by mixing the two pollens before application to the stigmas. 
Since both pollens were applied to the whtfle surface of the same stigmas, they 
were in closer contact than in treatment A. 

Treatment C . — Approximately equal quantities of the two pollens were mixed 
together thoroughly and the mixture was applied to the stigmas. The numbers 
of grains of the two kinds of ijollens were not counted, but the mixture used 
<3n eacli day of the experiment was examined before it was placed on the stigmas 
in order to be sure that the two kinds of pollen, readily distinguishable by the 
size and color of the grains, were present in approximately equal quantities.^* 
This method assured the greatest possible intimacy of contact between the two 
pollens. 

A difFprenco in the viability of the two pollens might have invalidated 
the results. Samples of both pollens, therefore, were tested each day 



Fhhjre 1. Pollon jtrnin.s of Pima Egyptian ootton (A) ami of Acula upland cotton (B). X 160. 
'PIio Pima pollen grains arc .somewhat larger and have .somew'hat longer .spines tlian the upland 
grains. 'I’hn color of the Pima pollen is deep gohlcn yellow, and that of the upland pollen (Aeala 
and Lone Star varieties) is pale cn^am. 'i'he smaller, light-colored grain in each lot of pollen is 
non viable. (Photograph by A. E. Longley) 


by immersion in distilled water. No appreciable difference in the 
proportion of grains that exploded was observed. Additional tests, 
in a 5 per cent sugar solution, were made at the beginning and at the 
end of the 10- day period of the experiment. The first test showed a 
deckled inferiority of the Pima pollen; the percentage of defective 
grains ranged from 20 to 50 per cent in the several Pima flowers and 
was negligible in the Aeala flowers. On the other hand, there was no 
appreciable diffei-ence between the two pollens in the promptness and 
completeness with which the grains of normal size exploded in the 
sugar solution. In the second test the estimated percentage of small, 
light-colored, doubtless defective grains (fig. 1) ranged from 5 to 10 
per cent in the several Pima flowers and from 2 to 5 per cent in the 


Details of the procedure followed in preparing tho mi.\ture aro as follows; Pima and Ac-ala flowers were 
collected each morning when tho anthers had begun to discharge their pollen and wore brought into the labo- 
ratory. Approximately equal quantities of each |M)llon were shaken out on a microscope elklo and mixed 
toother thon>ughly with a dissecting needle. The mixture was then transferred to gelatin capsules. The 
infltea pollen was applied by inverting a capsule over the stigmas and revolving it until the stigmas were well 
covered with pollen. Tlie contents of each capsule served to pollinato two flowers. 

109285—32 2 
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several xyala flowers. The varietal difference in the proportion of 
such grains was therefore much less pronounced than it had been 10 
days earlier. No varietal difference in the rapidity and comi)letenes8 
of explosion of the normal-sized grains was detected. In the pollen 
of both varieties, in addition to the very small grains there wore a 
few grains of abnormally large size, which did not explode or did so 
only after very long immersion. 

In spite of the differences showm by these tests in sugar solution, 
it is believed that the mixtures used in treatment C wrere not deficient 
in viable Pima pollen. The proportion of the two kinds of pollen in 
the mixtures was determined oy inspection rather than by count and, 
since the deep yellow of the viable Pirna grains contrasts sharply with 
the much paler nonviable Pima grains and the nearly colorless Acahi 
upland grains, a marked deficiency of normal Pima pollen in the 
mixtures could not have escaped notice. It should be noted further 
that since the pollinations of this experiment were made on Pima 
fiow^ers an excess of viable upland pollen in the mixtures would have 
increased the percentage of heterozygous plants in the resulting po})u- 
Jation and hence would have tended to nullify the effect of selective 
fertilization in favor of the like pollen. 

The seeds obtained by the several methods of pollination were 
planted in 1926, and the numbers of plants grown and percentages 
of homozygous (Pima) individuals were determined. The results 
are given in Table 9. 


Tablic 9.;; — Number of plants and percentages of homozygous plants in populations 
from Pima flowers pollinated urith both Pima Egyptian and Acala upland pollens, 
in different degrees of intimacy of mixture 

(Kxiiwiment No. 5, 19251 


Treat- ' 
mont ) 

I 


Method of applying the two polleiu? 


A ■ Separately, on opposite sides of the stiRinos 

B j Over the whole stigmas but seriatim, Pima followed by upland 

pollen on half of the flowers, the sequeuee reversed on the 
I other half, the populations from both sequences as 1 array.- 
C 1 Mixed Intimately before applying 


Plants 

grown 

Hoinoxy- 
gons plants 

X * Of depar- 
tures of 
numbers 
observed 
from num- 
bers ex- 
pected in 
the absence 
of selective 
fertilization 

Number 

890 

825 

Per cent 
66. Oil. 07 
77. Id 1.01 

98.0 

242.4 

978 

86. 4± .74 

518.4 


the case m the experiment described m an earlier paper p. tlie subpopulation from 

tnellKe + unlike sequence of pollination gave a higher percentage of honioKygous individuals (80.3 ± 1.20 
pw cent) than the subpopulation from the sequence unlike + like (74.1 =fc 1.49 per wmt). The difference 
between these percentages is 3.1 tim^ its probable error. As the 2 subpopulations were of somewhat iin- 
vely) the percentage of homosygous individuals, as given for the whole 
population, is the average of the percentages of the 2 subpopulations. 


A very high and very significant degiee of selective fertilization in 
favor of the like pollen in all three populations is indicated by the 
data in Table 9. The magnitude of x* of the departures of the ob- 
served nmnbers of homozygous and heterozygous plants from the 
numbers expected had there been no selective fertilization indicates, 
in every case, chances many more than 100 to 1 that the departui^'is 
signifitcant. It is clear that these results are not attributable to a 



Feb. 1, 1032 


Pollen Antagonism in Cotton 


209 


difforonco in the viability of the two pollens, such diffe'.rence as was 
observed having been in favor of the unlike (upland) pollen. 

A comparison of the results from the several methods of pollina tion 
shows that treatment A, in which the two pollens were placed sepa- 
rately on fipposite sides of the same stigmas, yielded the lowest per- 
centage of homozygous plants and that treatment C, in which the 
pollens were mixed together thoroughly before application to the 
stigmas, yielded the highest percentage. The difference of 1 9.8 ± 1 .30 
per cent is highly significant, being 15.2 times its probable error. 
Treatment B, in which the two pollens were applied on the same stig- 
matic surface but without being thoroughly mixed, yielded a nearly 
intermediate percentage of homozygous plants, which differed 
signifi<;antly from the percentages yielded by treatments A and C 
(differences 7.1 and 7.4 times their respective probable errors). 

Since the (doseness of <M)ntact of the two pollens w^as least in trea 1.- 
iiient A and greatest in treatment C, the results of this experiment 
accord perfectly with the initial assumption that the degree of antago- 
nism should he proportional to the degree of intimacy of contact of the 
)>ollens. 


ANTAGONISM CONDITIONED BY VIABILITY OF THE LIKE POLLEN 

Evidence having been obtained that presence of the like pollen 
tends to inhibit the development of the unlike pollen and that the 
magnitude of the re.sulting (effect is proportional to the intimacy of 
contact of the two pollens, the question arises whether the like pollen 
exerts this antagonistic action only when present in a viable coiulition. 
In an endc'.avor to answer this question, experiments were performed 
in 1927 and 1928 in which the viability of the like pollen was destroyed 
by maceration and iinnu'-rsioii in distilled water before it was plac(»d 
on the stigmas. 

Ex.i*kriment of 1927 

\V(dl-grown plants of Pima Egyptian cotton were selected, and on 
these, during each day of the experiment, flower buds were emascu- 
lated and bagged. Other buds on the Pima plants and on plants of 
Acala upland cotton were merely bagged in order to provide pollen. 
The following morning some of the bagged but not emasculated Pima 
flowers were taken to the laboratory, and the pollen was shaken 
from the anthers into a small agate mortar and thoroughly macerated. 
The resulting fine paste, mixed with a little distilled water, was carried 
to the field in a small glass vial. This suspension wall be referred to 
hereafter as ‘‘pollen extract.” The remaining bagged but not emas- 
culated Pima and upland flowers were taken from the plants and used 
to provide living pollen. The involucre and corolla of these flowers 
were excised so that the pollen could be brushed onto the stigmas 
without previously removing it from the anthers. 

The stigmas of* half of the emasculated flowers w^erc painted with 
the suspension of macerated Pima pollen by means of a small camePs- 
hair brush. Half of the flowers so treated were pollinated with intact 
Pima pollen (A) and half of them with intact upland pollen (C). 
The remaining emasculated flowers were used as controls, and their 
stjgmas, not coated with pollen extract, were pollinated likewise, 
half of them with Pima (B) and half of them with upland pollen (D). 
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A small tag, (>n which was written the plant number, date, and a 
letter indicating the treatment, was attached to each flower as soon 
as it was pollinated and the flower was then inclosed in a fresh bag 
to prevent the access of foreign pollen. 

The four treatments, given on each of the 10 days of the experi- 
ment to equal numbers of emasculated Pima flowers, may be sum- 
marized as follows: 

(A1 Stigmas coated with Pima pollen extract, pollinated with Pima pollen. 
(B) (Control) stigmas not coated, pollinated with Pima pollen. 

(O) Stigmas coated with Pima pollen extract, pollinated with upland pollen. 
(D) (Control) stigmas not coated, pollinated with upland pollen. 

A total of 100 Pima flowers received each treatment during the 
course of the experiment. Each of the bolls obtained, with its tag, 
was collected as it matured, and the number of seeds was determined. 
Any seed, however small, that had developed beyond the ovule stage 
was counted as a fertilized seed. Table 10 shows the percentages of 
bolls retained from flowers receiving the several treatments and the 
mean numbers of seeds in these bolls. 

‘'I'ablb 10 . — Degrees of feriilization attained in Pima cotton flowers of which the 
etigmas had been coated with macerated Pima pollen and pollinated with Pima 
pollen (A) and teith upland polUn (O) oa compared with the control flowers of 
which the stigmas were not coated hut were pollinated with Pima pollen (B) and 
with upland pollen (D) 

[Experiment of 1927] 


Treat- 

ment 

Pollination of Pima 

Flowers 

treated 

BoJis re- 
tained 

Seeds |)er 
boll 

A 

X Pima, on Pima extract 

Number 

100 

KM) 

KM) 

100 

Per cent 
M. 0d:.3. 19 
05. 0^:3. 22 

Mean 
number 
ll.OiO.tW 
lfi.2± .23 

B 

X I’ima, control r-.__ 

UillerciK* (B-A) - 

Xupinnd, on Pima extract 

f’ 

1) 

31.0d-4.53 

.07 

Sfi. 0±3. 22 1 
6r>. ()db3. 22 1 

1 9. 0± . 47 

I 17.f»±.24 

Xuplami, control 


Dillerence (U—r) 

30. 0±4. 50 

7.0i: .53 
3.3dh .85 

Difference (l.)~C)-(B-.A) 


-1.0rfc6.43 


Both sets of flowers (A and C) whose stigmas had been coated 
with pollen extract were much less completely fertilized than the 
respective controls (B and D), as shown both in the lower percentage 
of bolls retained and in the snialler mean number of seeds per boll. 
This lower degree of fertilization doubtless was partly due to the 
fact that the coating of pollen extract prevented close contact of 
many of the living pollen grains with the stigmatic surface. It was 
oljserved that the pollen adhered much more readily to the untreated 
stigmas than to those which had been coated with the extract. The 
bursting of many of the grains when brought into contact with the 
stigmas that had been moistened by the extract probably was also 
a factor limiting the fertilization of the treated flowers.^* ’ 


i» Nearly all tbe bolls retained by the flowers that had received the extract were from flowers treated on 
the last five days of the exrarlment. The reason doubtless was that at first the living pollen was applied 
Immediately after application of the pollen extract. When it was observed that practically no bolls were 
setting from flowers thus treated the extract was allowed to evaporate on the stigmas before the llvhig 
pollen was applied. Less than one minute sUAced for this. 
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If the macerated Pima pollen had had an inhibiting effect upon the 
capability of the unlike (upland) pollen to accomplish fertilization, 
then the reduction in the degree of fertilization resulting from applica- 
tion of the pollen extract, as compared with the fertilization of the 
corresponding control,^^ should have been greater in treatment C than 
in treatment A. In other words, the difference D — C should be 
greater than the difference B — A. Table 10 shows that this was not 
so in regard to percentage of bolls retained, but in mean number of 
seeds per boll the difference D — C is 3.3 ±0.8(5 seeds greater than the 
difference B — A. The difference between the two differences, being 
3.8 times its probable error, may be regarded as significant. The re- 
sults of this experiment seem to indicate that the inhibiting effect of 
like upon unlike pollen persists even when the viability of the former 
])resumably has been destroyed by ma<jeration. 

In order to ascertain whether the viability of tlie pollen used in 
coating the stigmas had been desstroyed completely by maceration, 
the seeds produced by the severally treated flowers were planted in 
1928 and th(^ populations were examined on July 19. The population 
representing treatment A (pollination with Pima pollen on Pima 
extract) (‘omprisod 21 S plants, all of winch w^ere Pima, as would have 
been the case, of course, whether or not any of the pollen grains in the' 
extract had remained viable. But if the Pima extract had contained 
viable pollen, the population representing treatment C (pollination 
with upland pollen on Pima extract) should have contained at least 
a few plants from the fertilization Pima X Pima, wiiercas all of the 283 
plants in this population were easily recognizable as Pima X upland Fi. 
It is probable that even if a few pollen grains escaped maceration by 
grinding in the mortar they burst promptly and lost their viability 
when the paste was mixed with distilled water. 

’'rABLE 11 . — Relative mrvival rate of plants from fertilizations Pima X Pima {treat’* 
meats A and B) and of plants from fertilizations Pima X upland {treatments C 
and D)f of the experiment oj 10^7 


Troatnients 


l^)llination 


p^2itod! surviving j Nature of the plants 


A and n. 
G and D. 


rimaX Pima.. 
Pima X upland. 


Number I A’umbcr 
I 1, 19ft i 592 

1. 136 j 899 ' 


Per cent 

40.r)=fca97 All Pima. 

79. 1t 1- . 81 ' AU Pima X upland Fi. 


Di (Terence.. 


29. Oil. 26 : 


Better survival of the heterozygotes is indicated by the data given 
in Table 11, which shows that the combined popuhition from flowers 
pollinated with unlike pollen (C and D) was much larger in proportion 
to the number of seeds planted than the (jombined population from 
flowers pollinated with like pollen (A and B). Ju earlier experiments, 
the heterozygotes showed no such marked superiority to the Pima 
plants in rate of survival,^® but the soil wdiere these plantings were 


It is interesting to note that the mean number of seeds ijor boll from the control flowers pollinated with 
upland pollen (D) is significantly greater than the number from the control (lowers pollinated with Pima 
pollen (B), the dilTerence being 3.9 times its probable error. Other examples of increased fertilization of 
Pima flowers when pollinated with upland pollen are given in Table 2. 

in the field plantings of earlier experiments, there appeared to be no superiority of the heterozygotes in 
this respect, as ovldencra by the percentages of heterozygotes in hills containing one or two as compared 
with hifis containing a greater uum oer of plants p. 46; $ 4 , p. S 64 ) . In laboratory germination tests, how- 
ever, there were sli^t differences in favor of the betorozy gotos (ff , Table SS) . The results of a similar test, 
showing better germination of the heterozygous seeds, are given in Table 3 of the present paper. 
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made in 1928 was heavily infested with nematodes, and it has been 
observed at Sacaton that the mortality due to these organisms is 
much heavier in Pima than in upland cotton or in Pima X upland Fi. 

Expebimbnt of 1928 

The results of the experiment in 1927 indicated that Pima pollen 
of which the viability has been destroyed by maceration may inhibit 
the germination or subsequent development of some of the upland 
pollen grains on the stigmas of the Pima flowers. The observed 
effect was slight, however, and it was thought advisable to repeat the 
experiment on a larger scale. This was done in 1928. The number 
of treatments was increased by using macerated pollen of both Pima 
and Acala upland and by applying it to flowers of both varieties. The 
several lots of emasculated flowers of each variety, therefore, were 
treated as follows : 

(A) Stigmas coated witli Pima pollen extract, ))ollinatcd with Pltna pollen. 

(B) (Control) stigmas not coated, pollinated with Pima pollen. 

(C) Stigmas coated with Pima pollen extract, pollinated with upland pollen. 

(D) (Control) stigmas not coated, pollinated with upland pollen. 

(E) Stigmas coated witli upland pollen extract, pollinated with Pima ])(»lien. 

(G) Stigmas coated with upland pollen extract, pollinated with upland })oUon. 

The first four treatments are the same as treatments A, B, C, and 1) 
in the experiment of 1927, while treatments B and G amplify the experi- 
ment so as to test the effects of macerated upland pollen also. Treat- 
ment B (Pima pollination) served as the control for treatments A and 
E, and treatment D (upland pollination) served as the control for 
treatments C and G. 

The technic was the same as that of the 1 927 experiment, except in 
two minor details. From the plants selected for treatment all bolls 
that had set before the beginning of the experiment were removed at 
the outset, and thereafter all flowers not treated were removed daily. 
This was done becjause of Eaton’s discovery that removal of many of 
the flowers and bolls reduces the rate of shedding of those left on the 
plants {10). 1 1 was found that the soft, almost flaccid involucres of the 
upland flowers were nmch in the way when emasculating and polli- 
nating, a difficulty not experienced in handling the Pima flowei*s because 
of the crisper, more rigid texture of the involucre in this type. For this 
reason the upper portion of the upland involucre was cut away when 
emasculating the flower bud. 

The percentage of bolls retained and the mean number of seeds in 
these bolls were computed separately for each of the six treatments 
in each population. The statistical constants thus obtained are 
given in Table 12. The percentage of bolls retained and the mean 
number of seeds per boll were much lower from flowers treated with 
pollen extract (treatments A, C, E, and G) than from the control 
flowers (treatments B and D). The reason for this difference was 
given in describing the experiment of 1927. 

Table 12 shows also the difference in percentage of bolls retained 
and in mean number of seeds per boll between each lot from flowers 
treated with macerated pollen and the lot from the corresponding 
control flowers. Comparison of the differences between these differ- 
ences, likewise given in Table 12, should determine whether the macer- 
ated like pollen had reduced the degree of fertilization effected by the 
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unlike pollen. If this had been the case, in the po])ulati()ns from 
Pima mother plants the difference D'-C (upland ])ollcii control minus 
upland pollen on stigmas coated with Pima pollen extract) should 
have been significantly greater than the diffei’ence B - A (Pima, pollen 
control minus Pima pollen on stigmas coated with Pima pollen 
extract). Likewise, in the populations from upland mother plants, 
the difference B --E (Pima pollen control minus Pima pollen on stig- 
mas coated with upland pollen extract) should have been signifi- 
cantly greater than the difference J) -- G (upland pollen control 
minus upland pollen on stigmas coated with upland pollen extract). 

Table 12 . — Number of flowers Ireatedf percentage of bolls retained, and mean number 
of seeds per boll from emasculated flowers of Pima Egyptian and of Acala upland 
cotton, some of which had been pollinated with Pima pollen and some with Acala 
pollen, with and without previous application to the stigmas of macerated pollen 
{pollen extract) of each type of cotton 

f Experiment 1928] 


PIMA AS MOTIIKR !*LANTS 


'I'n'Jil meiit 

PolIiiiMtion 

Flowers 

treated 

Bolls 

retained 

Seeds i)er 
boll “ ^ 

i 

i 

Number 

Per cent 

Meart u umber 


XPiiim, on Pima ext rnrt 

1 W) 

74. 0i:4. IS ■ 

y.3d=0. 75 

! 

X Pima, control 

101 

97. 0± 1.15 

IK. Odt: . 21 


.Di/TcreiiCQ (Ji— A) 

. . 

23.0=h4.34 

8. 7-f- . 78 


Xuplaud, on Pima extract 

51 

80. 4d-3. 75 1 

9. e± . 71 



Xuidand, control 

100 

93.0d:1.72 1 

JK.2d: .23 

1 

DilTerencc 


12. ft±1. 13 ! 

S. Gi . 7b 

I 

Difference (l)-C^-(H~A) 


-10.4±().00 1 

-.lil.OS 

!•' ' 

X Pima, <»ii ii|)lan(I extract. 

50 

72. 0dr4. 28 ; 

0. 5d- .09 

M.: " . .1 

1 

X Pima, control 1 

101 

97. Oil. 15 1 

18. 0± .21 


Difference ( B - E; .... 


2.'). 0:1-4. 44 1 

8..')A .72 

(1 1 

Xupland, on upland tjx tract ..... . 

.SO 

OK. 0±4. 1.*) i 

8. 24-. . 59 

- 1 

Xuplsmd, control 

100 

9 : 1 . 0.-L 1.72 ; 

18. 2d: . 23 

1 

Difference (J^— O) 

Difference (B— Ej— (1)— U) 

.... 

‘J.*-.. O-A-1. 77 1 
t) .d.-0. 52 1 

10. o± .ti;i 
-1.54: .96 


Ul^LAiMn AS AlOTUEK PLANTS 


A 


.50 

44. 0±4. 74 

11.64=1.05 

B 

Xi'imtti control 

60 

96. Oil. 87 

31. 14:. 51 


Difference (B-A) 


52. 04-.5. 10 

19. 54:1. 17 

V. 

Xnpland, on Pima extract 

.50 

1 36. 0±4. 5K 

M.4±1.43 

1> - . , .. . 

Xuplaud, control 

1 .50 

98. OiLl. 33 

33.04=. 2.5 


Differemte (D— 0) .. . . . 


62.0i4. 77 

' 18.64:1.45 


Difference (D - C) - (B - A) 


10. 04:6. 99 

Oil. 86 

E 

X Pima, on upland extract ... 

! 51 

41. 24=4. 65 

1 10. 8i . 92 

B 

X Pima, control. - 

1 .50 

90. 0-fcl. 87 

31. li . 51 


Dillorcnco (B -K) 



54.84:.5.02 

20. 3il. 05 

a 

Xuplaud, on upland extract 

.50 

28. 04'4. 28 

14.94-1.57 

1) 

Xupiand, control 

50 

98. 04 = 1 . 33 

33. Ui .25 







Differonca fl) 


70- 04:4. 49 

18. lit. 59 


Diflerenoe (B-E)-(D-G) 


-15.24=6.74 

2. 2il.91 


« Probable errors increased by using Pearson’s correction for the standard deviation when the number 
is small. 
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Since the hypothesis assumes an inhibiting effect of the like pollen 
iipon the unlike pollen but no such effect of the unlike pollen upon the 
like pollen, there should have been no significant difference between 
the pollinations with like and with unlike pollen in the degree to which 
the fertilization of the flowers of either variety was reduced by the 
application of macerated pollen of the other variety. In other 
words, in the populations from Pima mother plants, the difference 
B — E (Pima pollen control minus Pima pollen on stigmas coated 
with upland pollen extract) should not have differed significantly 
from the difference D ~ G (upland pollen control minus upland pollen 
on stigmas coated with upland pollen extract). Likewise, in the 
populations from upland mother plants, the difference D — C (upland 
pollen control minus upland pollen on stigmas coated with Pima 
pollen extract) should not have differed significantly from the differ- 
ence B — A (Pima pollen control minus Pima pollen on stigmas coated 
with .Pima pollen extract). 

It is evident from the data in Table 12 that none of these differences 
between differences, in either percentage of bolls retained or mean 
number of seeds per boll, is signific^ant with respect to its probable 
error. In this experiment, therefore, there was no indication that 
either pollen, when macerated and applied to the stigmas of either 
variety, exerted an inhibiting action upon the development of the 
other kind of pollen, except for the purely mechanical effects of the 
presence of the pollen extract, as noted above. 

Table 13 . — ClassifLcation of populatiom from the several treatments of flowers on 
plants of Pima and of Acala upland cotton 

rKxi)erfmeiit of 192S] 

SEROR FROM FIMA MOTHER CLANTS 


Treatment 

Pollination 

1 N umber of plants grown 

Expectation if 

'I'otal 

Homo- 

zygous 

Heter- 

ozygous 

m 

macerat ion was 
completely 
effective (all 
plants) 

A 

X Pima, on Pima extract 

20 

117 

00 

440 

33 

48 

20 

117 

0 

0 

83 

0 

0 > 
60 
440 
« 
48 

Homozygous. 

Do. 

Heterozygous 

Do. 

Homozygeus. 

Heterozygous. 

B :: 

X Pima, control 

c 

X upland, on Pima extract 

D 

X upland, control. 

E 

G 

X Pima, on upland extract 

X upland, on upland extract 


SEEDS FROM UPLAND MOTHER P1.ANTS 


A. . 

B. . 

C. . 
D 
E.. 


X Pima, on Pimawlract. 

X Fima, control 

X upland, on Pima extract.. 

X upland, control 

X Pima, on upland extract.. 
X upland, on upland extract 


140 

-35 

>.4 

188 

U 

188 

100 

100 

0 

Hi 

111 

0 

124 

» 18 

106 

33 1 

33 

0 


Heterozygous. 

Do. 

Homozygous. 

Do. 

Heterozygous. 

Homozygous. 


■ The occurrence of a few homozygous (upland) plants in these 2 populations, where none was expected, 
is attvitmtable lo the fact that the land had been in upland cotton the year before and many plants volun- 
teered from seeds left in the soil. 


In order to ascertain whether any error could have arisen through 
failure to destroy the viability of all the pollen grains in the macerated 
poUen, the seeds resulting from the several treatments were planted 
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in 1929 and the populations thus obtained were classified, with the 
results given in Table 13. Except for the two cases noted in the foot- 
note to the table, of the occurrence of homozygous (upland) plants in 
populations which should have contained only heterozygous (upland 
X Pima Fi) plants, the classification indiisates complete destruction 
of the viability of the macerated pollen. The exceptions are attribu- 
table to volunteering from seeds left in the soil from the preceding 
crop. The fact that no heterozygous plants were found in populations 
that should have been all homozygous warrants the conclusion that 
the maceration had been effective. 

Comparison op the Two Experiments with Macerated Pollen 

The experiment of 1927, in whic.h only Pima mother jilants were 
used (see Table 10) show(‘d that in mean number of seeds per boll the 
difference. D — C (upland pollen c.ontrol minus upland pollen on Pima 
stigmas coated with Pima jiollen extract) was greater than the differ- 
ence B--A (Pima pollen control minus T*ima pollen on Pima stigmas 
e.oaled with Pima pollen extract), the diffcreiHie between l-hesi'. differ- 
ences (1) — C minus A) being positive in sign and nearly four times 
its j)robable error. This result indicated that the treatment with 
macerated Pima pollen depressed the fertilization of flowers pollinated 
with the unlike (upland) pollen more than it depressed the fertilization 
of flowers pollinated with the like (Pima) pollen. 

The more comprehensive experiment of 1928, in which plants of both 
Pima and upland cotton were used as mothers and the effects of ex- 
tracts of both kinds of ])ollen were tested, showed, on tlie contrary, 
that treatment with like pollen in a macerated condition caused no 
significant differences in the relative fertilization of flowers of either 
type whether the pollen supplied in a living state was of the same or of 
the other type. The presenc'e of the macerated pollen on the stigmas 
resulted in greatly reduced fertilization, but the action seems to have 
been purely mechanical, sine^e the reduction was no greater when the 
living pollen was of the other type than when it w'as of the same type 
a.s the macerated pollen. 

The greater weight of evidence, therefore, favors the conclusion that 
the hypothetical alteration in the stigrnatic tissue, unfavoi*able to the 
unlike pollen and attributed to action of the like pollen when both 
kinds are present on the stigmas, takes place only w^hen the like pollen 
is viable. If such a reaction in the stigmatii*, tissue is the true expla- 
nation of selective fertilization as observed in cotton, presumably the 
reaction can take place only after the tubes of the \ikt\ pollen have 
penetrated the stigmas, a condition that is removed by maceration of 
the like pollen. 

POLLEN ANTAGONISM IN RELATION TO CONSANGUINITY 

Jones {21 y p, 75) found that in maize the degree of selective ferti- 
lization in favor of the like liollen is positively and rather highly 
correlated with the degree of heterosis indicated by the weight of 
the heterozygous seeds. The coefficient of correlation obtained was 
0.50 ±0.09. In other words, assuming that the greater the degree of 
heterosis the more remote is the relationship of the two forms that 
WK crossed, it follows that selective fertilization tends to be inversely 



216 Journal of Agricultural Research voi. 44 , No. 3 


proportional to consanguinity. As Jones expressed it, *'the some- 
what surprising situation exists that in proportion as the cross- 
fertilization benefits the immediate progeny in its development the 
less effective is that pollen in accomplishing the union.” 

In the case of cotton, the writers obtained evidence of a high de- 
gree of selective fertilization when two kinds of jjollen, each repre- 
senting a distinct species of (lossypium, were applied to the stigmas 
of the same flower of one of these species. To ascertain whether the 
situation is similar to that in maize, experiments involving more 
nearly related forms were undertaken. Two families of Pima cotton 
that differ in a single Mendelian character, i. e., full and very weak 
development of the spot at the base of the petal, afforded suitable 
material for testing this point, since both parental families were 
homozygous and the hetorozygotes of crosses between them could 
be distinguished easily from the recessive (weak-spotted) parental 
form. 

EXPEUIMBNT OF 1924 

In 1924, plants of the weak-spotted Pima progeny 3^27-29 were 
grown at Sacaton adjacent to plants of the full-spotted Pima progeny 
13-“17~10. Flowers of the former were emasculated and pollinated 
with both kinds of pollen, taken at random from the several indi- 
viduals in the respective progeny. The technic was the same as in 
several of the experiments vdth Pima and upland cotton, i. e., one 
half of the flowers were pollinated first with like and then with 
unlike pollen (like + unlike) and the other half were pollinated first 
vith unlike and then with like pollen (unlike -I- like). 

Equal numbers of flowers received each treatment on ea(*h day, 
and practically the same number of seeds was obtained from each 
treatment, 'tfho bolls that matured from each lot of flowers were 
halved and the seeds from th^. upper and from the lower half vrere 
kept separate, giving four subpopulations that were gpwn hi 1925. 
Tliese subpopulations represented: Like + unlike pollination, up])er 
seeds; like f unlike pollination, lower seeds; unlike + like pollination, 
upper seeds ; and unlike + like pollhiatioii, lower seeds. Four seeds 
were planted to the hill, and no thinning was done. Although equal 
numbers of seeds were planted, the stand varied so greatly in differ- 
ent parts of the plot that the several subpopulations were of very 
unequal size. 

As the plants flowered they were classified. To guard against 
errors in classification, three flowers on each plant were graded as to 
the degree of spotting, and the average of the grades of the three 
flowers was determined. The two classes of plants were easily 
distinguished, 3.0 representing the jiiaximum average grade in the 
weak-spotted class and 5,5 the minimum average grade in the strongly 
spotted class. It may safely be concluded that the former were 
homozygous, representing the fertilization like X like, and that the 
latter were heterozygous, representing the fertilization like X unlilte. 

Table 14 shows the number of plants and percentage of homozy- 
gous individuals in the subpopulations as combined in two pairs 
representing, respectively, the two sequences of pollination and the 
two positions of the seeds. 

The upper section of Table 14 shows that when the like pollen^>«as 
applied first the percentage of homozygous individuals in the resulting 
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population was considerably in excess of the 50 per cent expected had 
there been no selective fertilization. The departure amounts to 10.4 
per cent and is four times its probable error. The more advantageous 
position of the pollen applied first on the stigmas may partly account 
for this excess V* S3S), but if this had been the only factor 
there should have been a corresponding excess of heterozygous plants 
in the population from flowers that received the unlike pollen first. 
In fact, however, there was a small but not significant excess of 
homozygous plants in the latter population.^® 


Table 14 . — Number of plants and percentage of homozygous plants m the several 
populations resulting from pollination of flowers of a homozygotis weak-spotted 
family of Pima cotton with pollen of both the weak-spotted family and of a homo- 
zygous full-spotted family of the same variety 

[Experiment of 1924) 


Copulation bused on- * 


Sequence of polliuutiou; 

Like -|- uulike (oil .seeds) 

Unlike + like (all seed.s) 

As one array (all seeds) 

I'usition of seeds in boll: 

Upi)cr seeds (both .se(iucnces).-- . 
L(jwer seeds (both stinueuces) 


« necause of the diirerenco in size of the suhpopnlotions from the like + unlikes scsciuenco of pollination 
(all seeds) an<l the unlike + like sequence (all seeds) the iwrcentage for the whole population (6.V> indi- 
viduals) was not computed directly from the total numlM^r of plants and of homozygous individuals but 
was taken as tlie average of the percentages of the subpopulatious representing the 2 seqiionccs of pollination. 

The average of the percentages of homozygous individuals in tiie 
two subpopulations (from like -h unlike and from unlike + like pollina- 
tions) should approximate the result that would have be(*n obtained 
if ecpial (luantities of the two kinds of pollen had been mixed together 
Ixdorc application to the stigmas. The average, given in Table 14 
as the percentage of the whole population, shows an excess of 7.1 
per cent of homozygous plants, and the departure from the 50.0 ± 1.42 
per cexit expected had there been no selective fertilization in favor of 
the like pollen is 3.5 times its probable error. The departures of the 
observed numbers of homozygotes and heterozygotes from the equal 
numbers expected if there had been no selection among the pollen 
grains give a value for of 11.2, indicating chances of more than 100 
to 1 that the departures are signiilcaut. 

The question whether the tubes of the like pollen grew faster than 
the tubes of the unlike pollen is also of interest. If such were the 
case, there should have been a higher percentage of homozygous 
individuals in the population from seeds in the upper part of the boll 
than in the population from seeds in the lower part of the boll. The 
data given in the lower section of Table 14 indicate that this was the 
case, the percentage of homozygous individuals being 8.5 ±2.83 per 
cent greater from the upper than from the lower seeds. The difference 
is only three times its probable error, hence doubtfully significant. 


The departure iu the subpopulation from unUke+Hli^o pollination from tho expectation (00.4 licr cent 
lietfWQ^otes), if sequence of pollination had been the only factor and bad had the same cifect as iu tho 
UJuimmike population, is 141 (60.4 per cent of 284)— 108 (the actual number heterozygous) -38dbd.05. 

|rhe probable error of this depart ure was com puted as 

0.6745XVThe expect^ per cent (0.604) Xi~the expected per cent (0.396) Xn "(284). 


Plants 

grown 


Number 

.*(21 

234 

655 

245 

310 


Homozy- 

gous 

plants 


Per cent 
«t0.4±J.84 
5:}. 8=ir2. 20 
« 67. 42 

62, 4=b2. 09 
63. 9rM.91 
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but the fact that it is of nearly the same magnitude as the excess in 
percentage of homozygous individuals in the whole population sug- 
gests that the small degree of selective fertilization shown in this 
experiment may have been due to the more rapid growth of the tubes 
of the like pollen. It is possible, therefore, that these families of 
Pima cotton differ genetically in their determiners for rate of pollen- 
tube growth. 

EXPERIMENT OP 1926 

The experiment of 1924 was repeated the following year on material 
from the same homozygous Pima families, weak-spotted and full- 
spotted. The pollinations were made in 1925, and the resulting seeds 
were planted in 1926. The technic was in all respects similar to that 
of the first experiment except that the upper and lower seeds were 
not separated. The results are given in Table 35. 

Table 15 . — Number of plants and percentage of homozygous plants in the poptda- 
Hons resulting from pollination of flowers of a homozygous weak-spotted family of 
Pima cotton with pollen of both the weak-spotted family and a homozygous full- 
spotted family of the same variety 

[Experiment of 1926] 


Sequence of pollination 

Plants 

grown 

Uomor.y- 
gous plants 

Like + unlike. 

Number 

607 

Per cent 
64.8 ±1.40 
36.1 ±1.41 
"46.4d±1.0r> 

Unlike + like-- 

As one array 

624 

1,031 



> Average of the percentages of the 2 populations. 


In this experiment the sequence in which the two pollens were 
applied made a much larger and much more significant difference 
between the resulting percentages of homozygous individuals than 
was the case in the experiment of 1924, indicating that the stigmas 
in the later experiment may have been more densely covered with 
the pollen applied first in the sequence unlike f like than in the earlier 
experiment. The average of the percentages of the two siibpopula- 
tions in the present experiment differs from that of the earlier experi- 
ment in showing a deficit (45.45 ± 1.05) instead of an excess (57.1 ± 
1.42) of homozygous individuals. (See Tables 14 and 15.) The 
departure from the 50 per cent expected if there had been no selective 
fertilization is only three times its probable error, but the deviations 
from equal numbers of homozygous and heterozygous individuals give 
a value for x* of 8.75, indicating chances of more than 100 to 1 that 
the deviations were significant. 

The two experiments, therefore, although alike in the technic and 
material employed, gave opposite results. A small degree of selective 
fertilization is mdicated by both experiments, but in the first experi- 
ment the selection was in favor of the like pollen and in the second 
experiment it was in favor of the unlike pollen. As the matter stands 
at present, it may be concluded that these two families of the same 
species ana variety of cotton are so closely related that there is very 
little, if any, antagonism between their pollens when present tog^her 
on the same stigmatic surface. So far as they go, the results are'^iii 
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harmony with those obtained by Jones {21) in maize, indicating: that 
selective fertilization diminishes with increasing consanguinity of the 
two forms. 

HYPOTHESIS OF POLLEN ANTAGONISM 

It has been demonstrated by the writers that when pollens of both 
lima and upland cotton are applied in approximately equal quanti- 
ties to the stigmas of emasculated flowers of either type the resulting 
progeny shows a marked preponderance of plants from fertilization 
by like pollen (Pima X Pima or upland X upland). In other words, 
unlike pollen is at a disadvantage in fertilizing the flowrers wrheii like 
pollen also is present on the stigmas, as showrn in Tables 1,7, and 9. 

If there were any lack of compatibility between the two types of 
cotton, these results w'ould require no further explanation, but there 
is abundant evidence, summarized in Table 2, of nearly perfect com- 
patibility when either pollen is ai)plied alone to stigmas of the other 
type. This nearly or (piite conipletc mutual compatibility of Pima 
and upland cotton is surprising in view of the fact that they belong to 
very distinct species, representing each of the main groups of culti- 
vated American cottons. Pima (Gossypium barhadeiise) is of the South 
American grou]) and upland (fi. hirsutnm) is of the Mexican group 
(23 y p. 207 y 208). These types differ in many morphological charac- 
ters and also in such physiological chpacters as rate of boll shedding 
(2/)y p. 052y OoS) and selective absorption of certain components of the 
soil solution (/J, 16). 

A pronounced difference in the viability of the pollens also w'ould 
ac(!Ount for the observed facts, but repeated tests in vitro have given 
no evidence of differences sufficient to account for the observed in- 
e<|nalitios in the proportion of homozygous and heterozygous plants 
shown by the populations from mixed pollinations. 

Differential survival, after fertilization, in favor of the homozy- 
gotes would have the same effect as selective fertilization in favor of 
the like pollen, l)ut in all cases w^hcre differences have been observed 
in the rate of survival, during or after germination, the advantage 
has been with the heterozygotes. Such differential survival as has 
occurred in the experiments, therefore, has been of a nature to obscure 
rather than to magnify the effect of selective fertilization in favor of 
the like pollen. 

It is also possible that there may have been selective survival among 
the zygotes immediately after fertilization, resulting in the death at 
a very early stage of a disproportion al number of zygotes from like X 
unlike unions. The nearly perfect compatibility of the two cottons 
and the greater vigor of the heterozygotes at and after the stage of 
germination make this improbable, hut the possibility should not be 
ignored. Comparison of the mean number of seeds with the mean 
number of ovules, assuming that all undeveloped ovules represent 
unsuccessful heterozygous unions, should indicate whether this as- 
sumption may account for the observed preponderance of homozygous 
plants in the adult population. Computation on this basis, in five 
po|)ulations in which there was a marked indication of selective fertili- 
zation, increased the percentage of possible heterozygous individuals 
from 32.4 to 47.0, from 17.2 to 35.3, from 11.8 to 23.7, from 9.3 to 
and from 12.8 to 21.4. In all but one of these populations the 
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of heterozygous plants is still far too great to warrant the as- 
sumption that selective survival rather than selective fertilization is 
the explanation.^’' 

The evidence seems conclusive that the observed facts may bo in- 
to i*pro ted only on the basis of selection between the two kinds of ])ollen 
grains. Difference in the rate of growth of the pollen tubes is the ex- 
planation that suggested itself first. 

It is obvious that if two kinds of pollen differ consistently in this 
respect, the faster-growing pollen will nave the advantage in fertilizing 
the ovules when both kinds are present on the stigma of the same 
flower. Evidence obtained by Jones and others and reviewed by 
Jones {21, p. 6-34) indicates that in maize, Oenothera, Melandrium, 
Datura, and other plants the two kinds of male gametes produced by 
a heterozygous individual may differ in the rapidity with which they 
effect contact with the female gametes, and that as a result there is 
selective fertilization and a consequent distortion of expected Men- 
delian ratios. In these cases it appears that the difference is of a 
genetic natiu'e and that frequently the gene determining the rate of 
growth of the tube is linked with a gene for some visible character. As 
expressed by Brieger (3, p, 187), “Mendelian factors exist which pro- 
duce a selection among the gametes of a plant heterozygous for these 
factors, and both the mating of like with like or of unlike with unlike 
may be favored.^^ Jones also found evidence {21, p. 72-73) that the 
pronounced selective fertilization in favor of the like pollen, observed 
by him in maize when a mixture of two lands of pollen was applied to 
the same stigmas, was caused, at least in part, by the more rapid 
growth of the tubes of the like pollen. 

Is selective fertilization in cotton to be explained on this basis? 
The evidence obtained by pollination of flowem of Pima and of upland 
cotton with pollen of both types was negative. When the pollens 
were applied separately and the styles and stigmas were excised al. 
successive intervals, consistently greater fertilization, at a relatively 
short interval after pollination, was not effected by the like pollen as 
compared with the unlike. When the pollens were applied mixed 
there was not a greater proportion of homozygous plants in the popu- 
lation from flowers of which the styles had been excised comparatively 
soon after pollination than in the population from flowers in which, 
by postponing or omitting the excision, a longer period had been 
afforded for penetration of the ovaiy by the pollen tubes. Finally, 
comparison of the populations from sceds in the upper and in the lower 
ppt of the capsules obtained by pollinating flowers with mixed pollen 
did not show a higher percentage of homozygous plants in the popu- 
lation from Tipper seeds, as should have been the case, according to 
the results of Correns’s experiments with Melandrium {8), if there had 
been more rapid growth of the tubes of the like pollen. 

It may be concluded, therefore, (1) that selective fertilization 
between Kma and upland cottons really occurs, the excess of homo- 
zy^ous individuals in the populations from mixed pollination not 
being attributable to lack of mutual compatibility, different viability 


Moreover, tbe asBiimptlon tbst all undevelopOd oyoIob represent unsuccessful beterozsrgous unions is 
unwarranted, since, even when the flowers are pollinated with like pollen only and in abundant quanUty, 
some of tbe ovules always fail to develop. Tbe data in Table 2 indicate that when Pima flowers were fer- 
tilised with Fima poUen the mean number of seeds in tbe resulting bolls in no case exceeded 18, ^hnreas 
tbe mean number of ovules in the Pima ovary is approximately 21.6. 
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of the pollens, or selective siu*vival at any slap* aftcn* union of the 
male and female gamete, and (2) that diflVrenlial growth rate of llie 
pollen tubes is not tlie explanation, such of the tubes of the unlike 
pollen as develop being able to penetrate the ovary as rapidly and to 
accomplish fertilization as readily as the tubes of the like pollen. It 
would seem that the phenomenon is essentially different from selective 
fertilization in Zea, Oenothera, and Melandrium, which is attributed 
to genetic differences in the rate of pollen-tube grow’th. 'rhe writers, 
therefore, have chosen the term ''pollen antagonism’’ to designate the 
supposed cause of selective fertilization as observed in cotton. 

The only hypothesis of pollen antagornsm that seems applicable was 
stated in an earlier publication, as follows {£4j V- • 

* * * the presence of like pollen in some way prevents the germination or 

subsequent development of many of the unlike ))ollen grains wlien Im)Ui kinds are 
]>re8cnt on the stigmas. That the inhibiting factor does not reside in the stigmas 
themselves when like pollen is absent seems clear from the fact that when aj)plied 
separately the unlike pollen is not inferior to the like pollen in rapidity ol rlovel- 
opment and ability to <*ffect fertilization. It is conceivable, however, that the 
presence of i)olIen of the same type may induce a physiological reaction in the 
stigmas which makes them a relatively unfavorable mediuiri for the gomiination 
or growth of pollen of a dilfcrcnt tyi)e. The further assumption must be made 
that, in spite of this unfavorable c^oiidition, some of the unlike pollen grains are 
able to accomplish fertilization, possibly because they are more resistant, possibly 
because they happen to bo so placed as to avoid the tracts of stigmatic tissue 
affected by contact with the like i)ollen. 

The results of experiments described in the i)resent paper are 
believed to support this hypothesis. It is shown (Tabh*. 9) that the 
degree of sc'Icctive action is proportional to the intimac^y of mixture 
of the two pollens. The excess of homozygous individuals ir) the 
resulting poi)ulatioTi was least when the two ])ollens w^f^re deposited 
se])arately on opposite sides of f he stigmas and greatest when an inti- 
mate jnixture of the two pollens was applied to the wdiole stigmatic 
surface. This finding favors the assumption that the development of 
t he unlike pollen tubes is less hindered in trac^ts of stigmatic and slylar 
tissue Tiot immediately in contact with the tubes of the like pollen. 
Evidence also was obtained (Table 12) that the ability of the like 
pollen to inhibit the development of the unlike pollen is lost when the 
viability of the former is destroyed by maceration, from w^hich it is 
inferred that the tubes of the like pollen must ])e.netrate the stigmas 
in order to produce the inhibiting reaction. 

A reaction of some kind wdthin the stigmatic tissue is suggestexl by 
the fact that the results of the pollinations with mixed pollen in the 
earlier experiments (summarized in Table 1) showed the selective 
fertilization in favor of the like pollen to be of the same order of mag- 
nitude, whether the two pollens were applied to Pima or to upland 
cotton Howlers. To account for the phenomenon on the basis of a 
direct toxic action of the one kind of pollen on the other would re<iuii*e 
the improbable assumption that the Pima pollen is toxic, to the iijffand 
pollen only when the two kinds hap})en to be present on Pima stigmas 
and that upland pollen is toxic to Pima pollen only on the upland 
stigmas. The fact that there was selective fertilization in favor of 
the like pollen resulting from treatment A of the experiment of 1 925 
(Table 9) in which the two kinds of pollen grains, although present on 
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the same stigmas, were not in contact, is further evidence against a 
direct toxic action of the one kind of pollen on the other. 

In seeking an explanation of a very different phenomenon, self- 
sterility as observed in Nicotiana, East and Park (9) inferred the 
occurrence of a c.hernical reaction in the pistil induced by pollen, in 
this case by the unlike pollen. They wrote (P, p. 36*3-364): 

These results appear to us to show that the pollen tubes in a selfed pistil are 
not inhibited in their growth by substances secreted in tliat pistil, but rather 
that a substance or substances are secreted in the pistil after a compatible cross 
which accelerate growth, and that the direct cause of this secretion is a catalyzer 
which the polleu-tube nucleus is able to produce because the zygotic constitution 
of the plant producing it is different in certain particular hereditary factors from 
that of the plant on w’hich it is placed * * *. The action must be local, 

because the presence of compatible pollen tubes does not accelerate the growth 
of self pollen tubes. 

That the assumed reaction in the pistil of the cotton plant also must 
be local is indicated by the fact that the selective effect was least when 
the two pollens were deposited sex>arately on opposite sides of the 
stigmas. 

Yasuda (35) sought to determine w^hether the ^‘Jiiiiionstoffe,” as 
Correns termed the substances assumed by bini to control compati- 
bility, are secreted in the style or in the ovary. He performed an 
ingenious experiment, involving tw'o self-inc‘ompatibIe strains of 
Petunia, in which styles of each strain were grafted on ovaries of 
each strain, giving four combinations, with intact pistils of each 
strain as controls. It was found that the growth rate of the tubes of 
both lands of pollen was determined by the identity of the ovary and 
not of the style in the artificial systems. Yasuda concludes that the 
Linienstoffe are secreted by the ovary and diffuse thence into the 
style.'® 

No evidence as to the nature of the inhibiting substance supposed 
to be produced in the pistil of the cotton plant is now available. 
Biochemical tests of extreme delicacy probably w^ould be recpiired to 
detect it. It is conceivable that the substance ac.ts so as to render 
ineffective one or more of the enzymes present in the pollen grains and 
requisite for penetration of the tissues of the pistil and for utilization 
of the reserve food stored in them.®® 

A hypothesis advanced by Swingle (33) in explanation of metaxe- 
nia, or direct effect of pollen on tissues of the mother plant, is of 
interest in this connection. Swingle suggests that a hormonelike sub- 
stance, secreted after fertilization by the embryo or the endosperm 


II The phenomenon, therefore, differs from that observed in animals by Godlowski (//}, who found that 
eggs of a sea-urchin could be fertilized by sperm of a worm, but if the sperms of both animals wore mixed 
together, both lost their ability to fortilizo the sca-urehin eggs. Uesults similar to Oodlewski’s, from exper- 
ments in vitro with plant pollen, are reported by O’Connor iS7), who found that development of the tubes 
of one kind of pollen was checked or Inhibited in the presence either of pollen nr of extracts of the stigmas 
and other tissues of a plant belonging to another species, genus, or family. FTe concluded (f7, p. 480) that 
the^ inhibiting substances probably are amino compounds and that *‘in angiosiKirms, each species contains 
within each cell substances which are toxic to foreign pollen.” 

II It would he difficult to explain pollen antagonism as observerl in cotton on the basis of an ovarian secre- 
tion unless the selection between the two kinds of pollen becomes operative only after their tubes have 
entered the ovary. Otherwise it would be necessary to assume that a stimulus Initiated by the tubes of 
the like pollen as they penetrate the stigmas is transmittetl downward to the ovary, causing production of a 
secretion which, dllTusing up through the style, acts unfavorably upon the development of the tabes of 
the unlike pollen. 

II PatoD (33) investigated the pollen of 18 species of plants and detected 10 different enzymes 6, of which, 
including pl^inase, were present in all the pollens. Qreen </3, p, 409) found that “ the style itself contains 
enzymes to assist in preparing the reserve materials for absorption by the pollen tube, while the latter ex- 
cretes the same ferments during its progress down the conducting tissue.” The same investigator also 
discovered that *^wheo the pollen grain has lost the power of germinating, the quantity of dlastv^fc' has 
materially deereased.” The complexity of the chemistry and physiology of pollen has r>een brought. : 
in studies by Brink and by other investigators whose work be reviews U, 6, 3, 7) . 
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and diffusing into adjacent tissues of the mother plant, produces cer- 
tain alterations in the latter. Metaxcnia, discovered in the date 
palm, has been found by one of the writei’s {17) to occur in cotton 
also.^^ 

Pollen antagonism seems mores analogous to amqihylactic than to 
hormone reactions in animal bodies. The action of the like pollen 
may be compared to that of an antigen, stimulating the production 
of antibodies in the tissue into which it is introduced. The analogy 
is far from perfect, because, in the case under consideration, the pollen 
presumably a(iting in the manner of an antigen is genetic.ally like the 
body in which the reaction is supposed to take jdace, and the resulting 
“antibody” is supposed to attack the foreign pollcn.^^ 

There is as yet little evidence of the occurrence in plants of sub- 
stances (‘.om])arable to hormones and antibodies, but the extensive 
occurrence and great importan<*o in the animal kingdom of hormone 
effects and of anaphylactic reactions makes it reasonable to suppose 
that analogous substances and reactions o(*cur in the vegetable 
kingdom. The discovery of su<*h phenomena as nietaxenia and 
]K)llen antagonism suggests that bio<*hemical res(>arch in this field may 
iirove fruitful. 

SUMMARY 

Kmasculated flowers of Pima and of upland cotton, pollinated with 
approximately ecjual <|uantities of pollen of both tyjies, have shown a 
marked degree of selective fertilization; the resulting ])opulations have 
contained a much higher percentage of homozygous than of hetero- 
zygous jilants. 

Application of either pollen separately showed that these (*ottons 
are highly compatible, as fertilization of the flowtu's of either Pima or 
upland cotton has been elfected almost or cjuite as readily by the 
unlike as by the like pollen. 

So far as could be determined by observation and bv tests in nu'dia 
not suitable for normal germination, there were no difl’erences in the 
viability of the two jiollens that could account for the seleclive action 
observed. 

No evidence was obtained of selective survival at any stage after 
formation of the zygote that would e.xplain the ])reponderance of 
homozygous plants in the populations. Selective survival undoubt- 
edly occurred in some of the experiments, owing to infestation of t.lu' 
soil with iicinatodes, which arc knowm to cause much greater mortality 
among the Pima plants than among the Pima X upland ¥i plants. 
In all such cases survival of the hetcrozygotes wuis favon'd, so this 

« The presence of horinonelike .substances in plants had t)een sijgKestpd i)reviously l)y Haljerlsindt (IS, 
p. Al), who consi<lered that the resiilt.s of his experimentvS on cell division in wound tissiie.s demonstrated 
the e\isten(M9 of what he terms ‘‘division hormones,” .suT)pose(i to be .secrete<l by cells of the loptome tissue, 
and ‘‘wound hormones,” secrete<I by the injured wlls themselves. >Ie did not a.scertain the chornical 
nature of the assumed substances but suKge.sted that they may Vie aminos. 

“ W'ells (SA, p. 70S) states that ‘‘as a general rule, Uie more closely related tVie animal furnishing the anti- 
bodies is to the one furnishing the antigen the le.ss antigenic activity or antibody re.sponsc will Vie obtained. ” 
lie adds, however, ‘‘Some proteins • • • may so foreign to the blood .stream and the active tissues 
of the b(xly that they incite antibexiy formation when introduced into the blood stream of even the same 
animal from which they came.” 

*8 Antibody production has been suggested as an explanation of immunity to diseases in rowsistant races 
of plants, but positive evidence apparently is lacking. KostofT (SS, p. 7S) summarizes as follows the results 
of experiments in which various species of Solana(»a(f were grafted one on another: * mutual 

induction of antibodies in scion and in stock was found. The ac(|uired Immunity In such plants was 
tested by precipitin reactions. The induced antibodies were specific in certain species.” .Silber.schniidt 
CJjfj^ticizes certain details of the methtids u.sed by KiNttolT au<l concludes that the results of his ow'n exper- 
jai0Ks do not indicate the oc^currence of “actiuirod” x)recipitius in plants to the extent that antibodies 
sccur in animals. 
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factor tended to nullify rather than to accentuate the appearance of 
selective fertilization. 

Comparisons of the degrees of fertilization effected when the styles 
were excised at shorter and at longer intervals after pollination and of 
populations grown from seeds in the upper and in the lower half of 
the boll gave no consistent evidence of a differential rate of growth 
of the tubes of the like and of the unlike pollen. This factor, appar- 
ently responsible for selective fertilization as observed in Zea, (3eno- 
thera, and other plants, does not account for the situation met with 
in Gossypiuin. 

The only explanation that seems tenable is that the presence of 
the like pollen induces a reaction in the stigmatic tissues of such 
nature as to render them less suitable for the development of the 
unlike pollen. Apparently the effect is extremely local or else indi- 
vidual pollen grains differ greatly in their ability to withstand the 
unfavorable condition, since in all the experiments with pollen mix- 
tures some of the ovules were fertilized by the unlike pollen. 

Evidence of the localization of the reaction was afforded by an 
experiment in which the like and unlike pollens were (1) deposited 
separately on opposite sides of the same stigmas; (2) mixed, but not. 
intimately, and applied to the whole surface of the stigma; and (3) 
mixed intimately and applied to the whole surface. The percentage 
of homozygous plants was least in the population from treatment 1 
and greatest in the population from treatment 3. 

Experiments in which the viability of the like pollen w^as destroyed 
by maceration before it was appliea to the stigmas gave conflicting 
results, but the weight of the evidence favors the coneJusion that the 
inhibiting effect upon the unlike pollen takes place only when the 
like pollen is intact and viable. Therefore, ])enetration of the stigmas 
by the tubes of the like pollen seems requisite to the setting up of 
the reaction. This supports the assumption that the inhibiting sub- 
stance is produced in the stigmatic or stylar tissue in response to a 
stimulus supplied by the tubes of the like pollen. 

If the hypothesis is well founded, the phenomenon observed in 
cotton is of a chemical or physiological nature. The term ** pollen 
antagonism is suggested in order to distinguish it from the selective 
fertilization observed in other plants and attributed to difl’erential 
growth rate of the pollen tubes, conditioned by specific genes deter- 
mining the rates of growth. 

litUe or no selective fertilization was observed between more nearly 
related forms, these being two families of Pima cotton differing only 
in a simple Mendelian character. The evidence is too scanty, how- 
ever, to w'arrant the conclusion that the degree of pollen antagonism 
in cotton is definitely related to the degree of consanguinity, as Jones 
found to be the case with selective fertilization in maize. 

LITERATURE CITED 

(1) Anduonescu, D. I. 

1915. THE PHYSIOLOGY OF THE POLLEN OF ZEA MAYS WITH SPECIAL REGAllD 
TO VITALITY. 36 p., illus. (Thesis, Univ. III.) 

(2) Banerji, I. 

1929. STUDIES IN COTTON POLLEN. Agr, JoiiF. India 24; 332-340, illus. 

(3) Brieger, F. O. 

1926. MENDELIAN FACTORS PRODUCING SELECTIVE FERTILIZATION. AlS^r - 

Nat. 60: 183-191. ‘ 



Feb. J, 1932 


Pollen Antagonism in Cottm 


225 


(4) Brink, R. A. 

Ifl24. THE PHYSIOLOGY OP POLLEN. 1. THE REgUIREMENTS FOR GROWTH. 

Ainer. Jour. Bot. 11; 218-228. 

(5) 

1924. THE PHYSIOLOGY OF POLLEN. II. FURTHER CONSIDERATIONS RE- 
GARDING THE REQUIREMENTS FOR GROWTH. Allicr. JOUF. Bot. 
11: 283-294. 

(9) 

1924. THE PHYSIOLOGY OF POLLEN. III. GROWTH IN VITRO AND IN VIVO. 

Ainer. Jour. Bot. 11: 351-3H4, illus. 

(7) ■ — 

1924. THE PHYSIOLOGY OF POLLEN. CHEMATROPISM; EFFECTS ON GROWTH 

OF GROUPING grains; FORMATION AND FUNCTION OP CALLOSB 
piiUGs; SUMMARY AND CONCLUSIONS. Amer. Jour. Bot. 1 1 : 417- 
436. 

(8) CORRENS, C. 

1921. J5WE1TE FORTSETZirNG DER VERSUCffE ZUR EX PERlMENTEJiLE VKR- 
SCHIERUNG DES GESOHLECHTSVKUHALTNISSES. SITZBER. PREUSS. 

Akad. Wiss. 1921 (1): 330-354. 

(9) East, E. M., and Park, J. B. 

1918. STUDIES ON SELF-STERILITY. II. POLLEN-TUBE GROWTH. GeneticS 
3: 353-366, illus. 

(10) Eaton, E. M. 

1927. DEFRUITING AS AN AID IN COITON BRKEDINCL JoUF. JlercditV 18: 
457- 460, illus. 

(11) (lODLEWSKI, E. 

191 1. STUDIKN ObER die KNTW'ICK ELUNGSERREGUNG. 11. ANTAGONISM US 
DER EINWIRKUNG DES SPERMAS VON VERSCHIEDENEN TIKRKLAS- 

SEN. Arch. Entwickl. Much. Organ. 33: 233-254. 

(12) Green, J. R. 

1894. RESEARCHES ON THE GERMINATION OF THE POf.LEN GRAIN AND THE 
NUTRITION OF THE POLLEN TIT BE. ROV. SoC. [Londou], Phil. 
Trans. (Scr. B), 185: 385- 409. 

(13) IIaberlandt, G. 

1921. WUNDHORMONE ALS ERREGER VON ZELLTEILUNGEN. 53 p., illUS. 
Berlin. (Beitr. Allg. Bot. 2: 1-53, illus.) 

(14) Harland, S. (X 

1929. THE (JENETICS OF COTTON. PART III. THE INHERITANCE OP 
COROLLA COLOITR IN NEW WORLD COTTONS. JoUP. Gciictics 

21: 95 111, illus. 

(15) Harris, J. A., Hoffman, C. T., and Hoffman, W. F. 

1925. SUIHMIATE CONTENT OF THE LE.AF TISSUE FLUIDS OF EGYPTIAN AND 

irPLAND COTTON. Joiip. .Agp. Roscarcli 31: 653-661. 

(16) - - Lawrence, J. V., and Lawrence, Z. W. 

1924. THE CHLORID IHINTKNT OF THE LEAF TISSUE FLUIDS OF EGYPTIAN 
AND UPLAND COTTON. JouF. Agr. Research 28: 695 704. 

(17) Harrison, G. J. 

1931. METAXENIA IN COTTON. JouF. Agr. Rosearcli 42: 521 544, illus. 

(18) Heribert-Nilsson, N. 

1920. ZUWACHSGESCUWINDIGKEIT DER POLLENSCULA UCHE irND GESTORTP: 

MENDELZAHLEN BKI OENOTHERA LAMARCKIANA. Hcrcditas 1: 

[41]-67, illus. 

(19) 

1923. ZERTATIONSVKRSUCHE MIT DURCHTRENNUNG DES GRIFFELS BEl 
OENOTHERA LAMARCKIANA. Hereditas 4 : [1 77] - 190. 

(20) Hiorth, G. 

1926. ZUR KKNTNISS DER HOMOZYGOTEN-BLIMINIERUNG UND DER POliLEN- 

SCHLAUCHKONKURRENZ BKI OENOTHERA. ZtcllBClir. IllduktivC 

Abstain, u. Vererbiuigslchre 43: [171]-237, illus. 

(21) Jones, D. F. 

1928. SELECTIVE FERTILIZATION. 163 p., illus. Chicago. 

(22) Kearney, T. H. 

1923. SELF-FERTILIZATION AND CR08.S-PERTILIZAT10N IN PIMA COTTON. 

U. S. Dept. Agr. Bui. 1134, 68 p., illus. 

(2|?), 

f 1930. COTTON PLANTS, TAME AND WILD. JouF. Heredity 21: 195-210, 

illus. 



226 Jourml oj Agricvltural Research voi. a, No. 3 


(24) Kearney, T. II. and Harrison, G. J. 

1924. SELECTIVE FERTILIZATION IN COTTON. Jour Agr. Rcscarch 27: 329- 

340. 

(25) and Peebles, R. H. 

1926. HERITABILITY OF DIFFERENT RATES OF S11EI>T)IN(S IN COTTON. JoUr. 

Agr. R(^8earch 33: 651-(i(>l, illus. 

(26) Kostoff, 1). 

1929. AcotTiRp:D IMMUNITY IN pi^ANTs. Geuctics 14: 37- 77, illus. 

(27) O’Connor, P. 

1927. INHIBITION OF POLLEN OROWTH BY LIVINU TISSUE EXTRACTS. 

Roy. Dublin Hoc. Proc. (1924 2S) ( 11 . s.) 18: 177 484. 

(28) Paton, J. B. 

1921. POLLEN AND POLLEN ENZYMES. AlllCI. JoUT. Bot. 8: 471- 501. 

(29) Rea, U. E. 

1928. LOCATION OP motes” in the upj.and COTTON LOCK. JouT. Aiiicr. 

8()C. Agron. 20: 1064 1068, illus. 

(30) Renner, O. 

1917. VERSUCHE tiBEU DIE (JAMETISCIIK KONSTITUTION DER ONOTHEUEN. 

Ztschr. Induktivo Abstain, u. Vererbuugsleliro IS: [121J-294, 
illus. 

(31) 

1925. UNTERSUCHUNOEN ObER DIE FAKTORIEMiE KONSTITUTION EINIOER 

KOMPLEXHETEROZYOOTIHCHER OENOTHEUEN. 168 p.. illus. Leip- 
zig. (Bil)liotheca Gcnctica 9.) 

(32) SlLBERSCIIMIDT, K. 

1931. STUDIEN ZUM NACIIWEIS VON ANTIKORPERN IN PFLANZEN I. PLANTA 
Arch. Wiss. Bot. 13: |114] 168. 

(33) Swingle, W. T. 

1928, METAXENIA IN THE DATE PALM POSSIBLY A HORMONE ACTION BY 
THE EMBRYO OR ENDOSPERM. JouT. Heredity 19: 257- 268. 

(34) Wells, II. G. 

1928. ANTIGENS AND THEIR SPECIFICITY. 7n Jordan, K. ()., and Falk, 
I. S., eds. The Newer Kno\vledge of Bacteriology and Im- 
inunology, By Kighty-two (kintributors. p. 702-710. Chicago. 

(35) Yasuda, S. 

1931. an EXPERIMENT TO GRAFT THE STYLE UPON THE OVARY IN PETUNIA 
vioLACEA. Imp. Acad. [Japan] Proc. 7: 72- 75, illus. 



LIGHT INTENSITY IN RELATION TO PLANT GROWTH 
IN A VIRGIN NORWAY PINE FOREST ^ 

By Haiidy L. Shirley * 

A.'inorialr SilvumllurUt^ Lake StaUm Forest Experiment Station^ Forest Servicef 
United States Department of Ayrienltnre 


INTRODUCTION 

One of the vital problems confronting? foresters in the United 
States is that of securing a vigorous stand of young trees lo replace 
those removed in logging. Any cutting necessarily (‘hanges the 
conditions for plant growth in the forest. The forester is (‘onccuncd 
with the typo of cutting which will piove most favoj*able for tin* 
estalilishment and grow’th of a new^ stand. 

The virgin forest oilers an ideal place to study the clfects of various 
factors on forest reproduction, because in it can be found trees of 
various ages, openings of different sizes, and many densities of upper 
canopies; in addition, an ample seed supply is usually present. It 
should be possible, therefore, from a careful study of (*onditions in* 
virgin stands, to gain much information on the reciiiireiuents of the 
young growth and on wiiat might be expected from vaiious iy])es of 
cutting. It was with this idea in mind that the writer nndertoolv a 
study of liglit conditions and forest grow th in a virgin Norway pine 
forest. 

The present study does not attempt to take into consideration all 
factors which affect plant, grow th, but rather to take iiKuisurements of 
a single factor and to see how’^ these measurements may be correlated 
with the vegetation jiresent. As showm by Adams (/),^ air tem- 
perature, soil temi)erature, soil moisture, relative humidity, and 
evaporation are all changed by thinning a forest stand. All of these 
factors, as well as light intensity, are more or less directly correlated 
witii solar radiation. If, therefore, within any climatic and edaphic 
unit area a single factor is to be chosen for correlation with forest 
growth, light w^mld seem to be the most pixmiising. 

Forest trees, however, as shown by Tourney (l6) and others, tend 
to deplete soil moisture more rapidly than less massive forms of 
vegetation. It should be borne in mind, therefore, that root coin- 
petition for both moisture and nutrients is an important concomitant 
factor to be taken into ac(?ount in determining the signiliiumce of the 
light data obtained in this study. In this connection, however, it 
may be mentioned that preliminary n'sults in the Lake States indicat<^ 
that an overstory tends to protect the undergrowdh from seven* 
drought injury. 


* Receivwl for publication July 25, 1H3J; isssuwl April, 1932. “Light," in this paper, is used syn- 
otiyniously with solar radiation unless specifically qualified. 

* The writer wishes to acknowledfi^ his indebtedness to JVIary C. Shirley, who assisted him with the 
vegetation enumeration in the field and w ith the editing of the manuscript. 

* Reference is ma<ie by number (italic) to Literature Cited, p. 244, 
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The coiimion and scientific names of trees, shrubs, and herbs 
mentioned in this article are as follows:^ 


Common Name 

Red maple 

Paper birch 

Jack pine 

Norway piiic„ 

Northern white pine 

Aspen 

Pin cherry - 

Red Oak 

Bur oak 


TREES 

Scientiflc Name 
. Acer rubrum L. 

, Betula yapyrifera Marsh. 

. Pinus hanksiana Lamb. 

_ Pinus resinosa Solarid. 

_ Pinus strobus L. 

_ Populus treniuloiUes Michx. 

Prunus pemtsylvanica L. f. 

- Quercus borealis Michx. f. 

_ Quercus macroearpa. Michx. 


SHRUBS 

Alder. - Alnns rugosn (Du Roi) Spreng and A. 

incana (L.) Moench. 

Thicket shadblow or June l)errv Amelanchier ohlongijolia (Torr. and Gray) 

Roem. 

Bearberry Arclostaphylos uvn-ursi (L.) SymniR. 

Inland Jersey-tea Ceanothus ovatus Desf. 

Bunchberry Cornus canadensis L. 

American hazelnut Corylus americana Walt. 

Beaked hazelnut Corylus rosirata AiL 

Dwarf bush-honeysucklc .. Diervilla lonicera Mill. 

Wintergreeii Gaultheria procumbens L. 

American twinflower Linnaea borealis L., var. americana 

(Forl>es) Rt^hdcr. 

Appalachian cherry Prunus susquehanae Willd. (syn. P. 

runeata Raf.). 

Chokecherry Prunus virginiana L. 

Rose - Rosa Sip. 

Red raspberry Rubus idaeus L., var. aculeatissimuy 

(C. A. Mey.) Reg. and Til. 

Willow - . Salir spp. 

Lowbush blueberry . Vacdnium ungustifolium Air. (syii. V^ 

pennsylvanicwm Lam.) . 

HERBS 

PTERIODOPHYTES 


Groundcedar Lycopodiu^n complanalum L. 

Bracken Pteridium aquilinu?n (L.) Kuhn, syn. 

Pteris aquilina L. 

MONOCOTYLEDONS 

Sedge - Carex sp. 

Bluebead Clintonia borealis (Ait.) Raf. 

Grass. Gramineae sp. 

Mayflower Unifolium canadense (Desf.) Greene, 

syn. Maianthemum canadense Desf. 

DICOTYLEDONS 

American wood anemone Anemone quinquejolia L. 

Pussytoes or everlasting Antennaria sp. 

Spreading dogbane. Apocynum androaaemifolium L. 

Wild sarsaparilla Aralia nudicaidis L. 

Smooth aster Aster laevis L. 

Bigleaf aster Aster macrophyllus L. 


*~~**— ' -p, — 

* NomeadBtnro follows Sudworth (1$) for trees and American Joint Committee on Horticaltural 
clatore («) for other plants. 
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I'omnjoii Niiiiie 

Aster-- - — 

Late aster 

Harebell - 

Common pipsissewa.. 

Bastard toadflax 

Erect bindweed- . 

Trailiiig-arbutiis . 

Fireweed - - -- 

Virginia strawberry 

Northern bedstraw, 

Cream pea vine 

Fueeoon . . 

Nam)wl(iaf eowwheat-- . . . . 
Fringed polygala- - 
llattlesnake-root . _ _ 

Sidebells pyrola. 

Houndleaf pyrola or shinleaf ... 

Dwarf dewberry ... 

Coldenrod- 

Anic'rican germander - . . 

Early jn<*a(iowrue- 

American starllovvor 

Cow vetch - - 

Violet. 


Scientific Nhjiic 
Aster sp. incerf. 

Aster tardijlorus L. 

Campanula rotvndifolia L. 

Chimaphila unibellata (L.) Nutt. 

Coniandra pallida A. DC. 

(Umvolvulus spitkamaeus L. 

Epigaea repcns .L. 

Chamaenerinn anguslijolium (L.) Scop., 
syii, Epilobiiirn angustifolium L, 
Fragaria virginiana Duchesne. 

Cali urn bormla L. 

Lathyrus ochroleucus Hook. 

Lithospertnum canascens (Michx.^ Lehni. 
Melampyrum linearc Lam. 

Polygala paucifolia Wilhl. 

Prenanlhes alba L. 

Pyrola sevunda \j. 

Pyrola anierwana Sweet. 

Ruhus trijlorus Richards. 

Solidago sp. 

Teueriiim cana dense. L. 

Thnlirtrum. dioicum L. 

Trieutalis am erica na (Fers.) Pursh. 

Vida cracca L. 

Viola corispersa Reichenb. 


RELATED INVESTIGATIONS 


Studies oil the growth of plants exposed to different intensities of 
light indicate that growth is almost directly pi'oportional to the amount 
of light available up to values of about 700 foot-candles of artificial 
light or about 50 per cent of full sunlight in latitudes of the northern 
United States. Intensities higher than 50 per cent sonietiines cause 
a decrease in growth, esp(u*ially in plants wliose natural habitat is in 
the shade (/^). Shantz (/f), working in Louisiana, found that sev- 
eral plants produced muximuni growth with 15 ])er cent of full sun- 
light, wdiile others required 50 ])er cent or more. Zillich (17), in (ler- 
inany, found that several w'eods ])roduced best growth in 113 per cent 
light; cultivated plants, on the other hand, produced maximum dry 
WTight in 100 per cent light and showed a marked decrease when 
shaded. Many others have studied the influence of shading on plant 
growth and similarly reached the conclusion that slight shading is 
sometimes beneficial, whereas heavy shading invariably causes a de- 
crease in growth. The amount of shading required to obtain the best 
grow'th varies with the latitude and climatic conditions of the station 
in.question. 

The effect of shade in natural forest stands has also been studied, 
but the results are somewhat less consistent. Moore (8) established a 
series of seed spots in dense shade and in small openings in four forest, 
types of Mount Desert Island, Me. Tie sowed Norway and northern 
white pines and white and red spruce seed in prepared spots. Sur- 
vival was poor for all species in the shade, except in the northern 
hardwood type. (Irowth and vigor of the seedlings were in every case 
markedly better in the small openings. 

Pearson (^, 10) studied the grow^th and survival of western yellow 
pine in the southwestern United States, with particular reference to 
the, influence of light. He found that after a good seed year, seedlings 
would come up even more abundantly on the bare areas under the 
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clumps of trees than in the openings. Practically all of those in dense 
shade died, however, or became unthrifty within four or five years. 
Even on the north side of t.ree groups survival was poor and annual 
height growth was only 0.4 inch to 3 inches, as against 3 to 6 inches 
for seedlings of the same age in adjacent openings. 

(jast (5), during an entire growing season, measured the total radi- 
ation received at three different stations where cuttings had recently 
been made. These measurements were correlated with the growth of 
the leaders of white pine saplings. He found the leader growth to be 
apparently directly proportional to the radiation, up to the intensity 
01 full sunlight. The average leader growth of white pine trees 11 
years old under a canopy transmitting 27 per cent light was only 2 
iTK^hes per year and showed little increase with increasing age of ih<^ 
trees. He believes this to represent about the minimum radiation 
intensity for grow'th of wiiitc pine. Since Oast’s measurements of 
sunlight were made by a continuously recording mechanism operating 
throughout tlu*. summer, his percentage values are higher than those 
of most workers who make readings only on bright days. 

Holch (7) gi*ew' bur oak, red oak, hickory, linden, and walnut on 
three forest sites — the prairie, a bur oak forest, and a linden forest. 
The light values averaged 10.4 per cent for the oak and 3.5 per cent 
for the linden station on the basis of the prairie station as 100 per cent. 
The growth of both roots and slioots was greatest for all species in 
the prairie and least in the linden forest, where most of the plants 
died before the end of the third season. Photosynthesis was very 
rapid in all species at the prairie station, was weak at the bur oak 
station, and very weak at the linden station. Evaporation, tran- 
spiration, and soil and air temperatures decreased with decreasing 
light, and soil moisture increased. Soil moisture w^as, however, suffi- 
cient in all three sites. Undey the conditions of Ilolch’s experiment, 
survival, growth, and photosynthesis were direc.tly correlated with 
light and inversely correlated with available water content of the soil. 

Grasovsky {6) placed northern white pine, Norway pine, hemlock, 
red oak, and chestnut oak seedlings in boxes wdth a window in one end. 
At the end of 10 months those so far removed from the window that 
they received no more than 300 foot-candles of illumination during 
the entire period were still alive and apparently in vigorous condition. 
No measurements of dry weight were made to determine whether the 
plants had actually grown. Grasovsky states that only a moderate 
increase over the minimum light-intensity requirement for survival 
was necessary to maintain gi-owth and that thereafter the effect of 
added light on growth was not at all proportional to the intensity. 
Measurements of the light intensity under white pine canopies showed 
it to be in all cases in excess of the minimum light requirements of 
the plants tested. He cAmcludes that the intensity of light reaching 
the forest floor is not the limiting factor in accounting for the presence 
or absence of forest reproduction in the fully stocked stands where the 
investigation was conducted. His conclusions are somewhat at 
variwee with those cited above. The investigations, however, were 
carried out under conditions suflaciently different tx) account for any 
discrepancies in results. 

Atkins and Poole (5) studied the correlation between light inten- 
sities and plant distribution in an old garden. In the deepest shade, 
they found only straggling branches of English ivy which tended to ‘ 
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way to enchantcr^s nij'htshade when the light increased some 
sixfold. Various other plants were asscieiated with the higlier liglit 
values. There seemed to be a vciy definite tendency for the vegeta- 
tion to change with changing light conditions. 

Atkins and Stanbury (4) made a study of illumination and plant 
distribution in siiruce, larch, oak, and holm oak woods. Under the 
shade of a dense spruce stand {Picea exvelm) light values were about 
1 to 2 per cent, and only ivy and wood sorrel seemed able to survive. 
Increasing light up to about 9 per cent allowed Kubiis, ash, hazelnut, 
and sycamore ma])lc to come in. Larch and oak stands had about 
10 to 15 per cent light and supported a good woodland flora. Holm 
oak reduced Ihe light to 1 to 3 per cent. Under this only ivy seemed 
able to thrive. 

Stallard {H) describes secondary successions in nortliern Minne- 
sota forests. II is paper contains a description of the undervegetation 
in Norway pine forests and the successional changes brought about 
by increasing shade. He gives curves showing the annual height 
growth of Norway, noithcrn white, and jack pines from 1 to 28 years 
of age, growing in the shade and in the o])en. The curves for jack 
pine show rapid falling off in growth with shading, particularly under 
Norway pine canopies. Noiway pine seedlings, on the other hand,* 
appear able to grow at a reasonable rate when shaded by jack pine 
but not so rapidly as in the open. Northern white pine on luuivy 
soils showed almost as rapid height grow^th in the shade of hazel, 
aspen, and birch (10 to 80 per cent light) as in the open. Stallard 
considers that Norway and white pines form the mature stHg(‘ in the 
succession in coniferous forests of Minnesota. 

THE STAND 

This study was carried out on the Chippewa National Forest 
located in the north-central i)art of Minnesota. Along the shores of 
Cass Jjake and Pike Bay are 10 sections of Norway pine forests which 
have been undisturbed by logging operations, except to remove* d(*ad 
and dying trees at 5-year intervals. All this area has been subject 
to fires at various times during the past. However, most of the fires 
have been comparatively light, since none of them killed many of 
the large trees. The trees average more than 200 years in ago and 
are fine, tall specimens, typical of the virgin Noway pine stands of 
the Lake States. (PTg. 1.) The trees average about 90 feet in height 
and in many places stand as dense as their crow- ns will permit. Nu- 
merous openings up to 800 or more feet in diameter can be found in 
the forest. They were perhaps caused by fire, wind, or other destruc- 
tive agencies. The undcrgrow'th is composed mostly of w oody shrubs, 
among which bearberiy and blueberry are dominant. Many of the 
openings are growing up to vigorous stands of young Noiw-ay^ pine 
and others to hazelnut, oak, and paper birch. The lower vegetation 
throughout is fairly luxuriant and is indicative of the presence of 
ample moisture and light for satisfactory plant grow^th. Scattered 
through the Noway pines are occasional w^hite pines, usually larger 
and overtopping the Noways. Under the old wdiite pines there can 
almost invarialny be found numerous white pine seedlings. Where 
Noway and white pine seedlings have an equal chance for establish- 
ment white pine seems to be more abundant, flack pine seed trees 



232 Journal of Agricultural Remirvh Voi. 44 . No. 3 


are less coinnion than white pine and are usually found in groups in 
the larger openings or in more or less pure stands along the periphery 
of the old Norway pine. Where jack pine seed is available the seea- 
lings are usually present and grow quite rapidly. 

Wherever pine reproduction has become sufficiently well estab- 
lished to exclude most of the other vegetation it is entirely too dense 
for good giowtli. On practically all the plots examined the young 
pines were too crowded to make rapid growth or they were suffering 
from competition with other plants. Apparently not until the young 
saplings have attained a height of 10 to 20 feet is there sufficient 
expression of dominance for the leadei-s to make rapid growth. 
On only two of the plots included in this study had the stand reached 
this stage, and on each of them the dominant trees showed re<*ent 



r248l8l 

Figuhk l.“-T.vpical virgin Norway pine stand, with young Norway reproduction in the openings. 
These saplings are about 18 years old and 4 to 6 feet high 


annual height increments of 1 foot and more. The average height 
growth for trees less than 6 feet high in crowded stands is about 0.3 foot. 

The soil is of fluvioglacial origin. It is classed as fine sand and is 
weakly podsolized. The humus layer is usually less than 2 inches 
thick and tends to decompose rather rapidly. The gray leached layer 
is usually 6 to 8 inches thick, and the brown layer generally extends to 
a depth of 2 or more feet. During the dry period in the summer of 
1930 practically all the available moisture was withdrawn to a depth 
of 2 feet. Below this depth the soil was in most places quite moist. 
Most of the plots examined lay less than 20 feet above the lake level. 

A good cn)p of cones was produced by the old trees in the fall of 
1930, and there is every reason to suppose that ample seed has been 
produced at intervals of from three to seven years during the past 
centuiy. Absence of forest reproduction on any particular spot can, 
therefore, scarcely be attributed to lack of available seed in the past. 
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METHODS 

All field work was carried out doing the summer of 1930. Fifty 
plots, approximately one-tenth acre in size, were laid out in groups 
of three to five and chosen to show differences in forest reproduction. 
A typical group would contain one plot without forest reproduction, 
one plot in which the forest reproduction was present b\it w as niaking 
very poor growth, one plot in which the forest rcproduc,tion was 
making rai)id growth, and perhaps one plot occupied by aggressive 
brush species. A temporary stake marked the center of each plot. 
Tlie soil was examined to a deptli of 8 inches. General notes were 
taken on the (character of the stand, the date of the last fire, and the 
general character of the undergrowth. 

Two quadrats, 0.001 acre each, were laid out at equal distances 
on opposite sides of the <*enter stake. On these quadrats ail (;onif- 
ei-ous repj-odiiction was counted and the average age and Ijeiglit 
determined. Tlie mean annual height growth of the conifers w^as 
found by dividing the average height by the average age. 

All species of plants growing on each plot were listed and their 
relative abundance estimated in tlmee classes: Class 1, less than one- 
twentieth of the area occuiued; class 2, one-twentieth to one-fifth of 
area occiipied; and class 3, more tlian one-fifth of area occupied. 

LIGHT MEASUREMENTS 

Measurements of total and diffuse radiation on cloudless days were 
made with a thermopile {IS) at 10 j)oints uniformly distributed over 
the area of each plot. The measurements W'(u*e converted to per- 
centages of the radiation intensities in the t)pen and averaged for 
the entire plot. It w^as originally intended to use the readings of 
diffuse light as a basis for correlation, but it was found that a very 
considerable amount of direct sunlight is reflected fi*oni leavt>s, 
hence measurements of diffuse light imduded not only the sky light 
which penetrated the canojjy but in addition a large amount of re- 
flected sunlight. It was also found that measurements of diffuse 
light WTre only roughly correlated wdth measurements of total sun- 
light. Over a range of from 30 to 100 per cent of total sunlight, 
diffuse light changed from only 52 to GO per cent. 

It was felt, therefore, that the measurements of diffuse radiation 
made did not give an accurate evaluation of the light available to 
the undervegetation. 

Measurements of total radiation, on the other hand, show^ such 
great variabiUty that it is difficult to get a reliable estimate of the 
light available on a given area. The standard deviations for 10 
readings ranged from 1 to 14 per cent. 

Table 1. — Standard dematiom of light meamremenU hy 10 per cent intenaity daNtiaa 


Jutenitity class 

Mean 

value 

Plots 

Standard 
deviation 
of mean 

liiten.sity class 

Mean 

value 

! 

i Plots 

Standard 
deviation 
of mean 

0-0 per cent 

Per cent 
4. 0 

Number 

5 

1. 1 

50-60 per cent 1 

Per cent 
56.0 

Numberl 

8 

4.;i 

10-19 per oent _ 

17.0 

35.0 

30.0 

44.0 

j 

4.0 

150-69 per cent —J 

(VL6 

6 

4.9 

20''29 per cent 

0 

2.8 

70-79 percent ! 

75.0 

2 

8.7 

30*'30 per cent 

5 

4.0 

80-89 i)or cent ! 

89.7 


9.0 

40-49 per cent 

5 

5.1 

90-100 per cent J 

92.0 

2 

I.O 
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The plots were grouped in 10 per cent light-intensity classes, de- 
pending upon the mean light values for each plot. Standard devia- 
tions were again calculated for each group of plots. These are given 
in Table 1. The points shown on the curves in Figures 2, 3, and 4 
may therefore be considered to be in error as much as 5 per cent 
either way in light measurements. This is probably considerably 
less than the error in sampling the vegetation and coniferous repro- 
duction. 



RADIATION INTENSITY - PER CENT OF TOTAL SUNLJGHT 
O NORWAY PINE •WHITE PINE ©JACK PINE 
FviUKii 2.— OomlatloQ bntwoen light InteuKity and abundauiii of Norway, white, and jack pines 

ANALYSIS OF MATERIAL 

Height measurements and number of trees per mil-acre (one- 
thousandth acre) were averaged for each plot. These were then 
plotted against light intensity and averaged by 10 per cent classes. 
(Figs. 2, 3, and 4.) Plots showing evidence of fire since 1918 were 
not included in determinations the results of which are shown in 
these figures. The number of trees per mil-acre in any class is obtained 
by averaging the ntunbor per mil-acre found on each plot in the class. 
The number of plots occurring in each class is shown by a numeral on 
the graph. The mean annual height growth is likewise averaged by 
light-intensity classes. In this case, however, plots having no conif- 
erous reproduction were not used in finding the average point. The 
weight on a point shows the number of plots used in determining its 
position. The abundance of a plant in any 10 per cent light class is 
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arbitrarily represented by averaging iks class numerals 1, 2, and 3 for 
all plots in their light class. Plots on which a given plant did not 
occur were not used in deieriniiiing the abundance for the class. 
Frequencies were determined by dividing the number of plots on 
which a given plant occurrt'd in an intensity class by the number of 
plots in the class. Abundance and frequency curves are shown in 
Figures 5, 6, and 7, with numerals showing the number of jdots used 



RADIATION INTENSITY - PER CENT OF TOTAL SUNLIGHT 


O NORWAY PINE •WHITE PINE ©JACK PINE 

Fujukk 3. — (’orrolation botwoen lipht intensity niid tiie mean annual height jtrowth of yoiiiiK 
Norway, while, ami jack pines growing in a virgin Norway stand. Numertils iiidicale rmmlier 
of plots in each class 

in determining a point. The weight on the abundance point divided 
by the weight on the corresponding frequency point gives the fre- 
quency. Only plants occurring on at least 10 plots are used in these 
figures. 

LIGHT AND NATURAL REPRODUCTION 

The miiuber of trees per mil-acre is plotted against light in Figure 2. 
The poor ^showing of jack pine may be the result in jiart of insufficient 
light, but undoubtedly the chief reason for its sparsity is lack of seed 
trees. The comparatively small number of white pines established 
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is also due to lack of seed. The curve for Norway pine, on the other 
hand, well illustrates the correlation between light and establish- 
ment. None of the three species mentioned was able to become estab- 
lishexl where less than 5 i)er cent light w^as available. At 17 per cent 
light, establishment was fair — the equivalent of 3,000 trees per acre, 
which is about the minimum number for satisfactory natural repro- 
duction. Any light value higher than 35 per cent seemed to be 
excellent for the establishment of Norway pine seedlings, as all plots 
averaged more than 6,000 trees per acre. 

If Norway pine seedlings are not present on areas receiving 35 per 
cent light or more, no method of cutting the old stand is likely to better 
matters, since factors other than light are operative in keeping the 
pine out. The lowest average light intensity on any plot shaded only 
by old Norway pine was 1 7 per cent. This plot had the equivalent of 



RADIATION INTENSITY - PER CENT OF TOTAL SUNLIGHT 
CONIFEROUS REPRODUCTION UNDER VIRGIN NORWAY PINE 


Kuhikk 4.— Correlation between light intensity and mean annual height growth of stands of young 
iNorway, white, an<i jack pines. Numerals indicate number of plots in each class 

3,500 pine seedlings per acre. It seems, therefore, that virgin Norway 
pine stands are not likely to be so dense as completely to exclude 
coniferous reproduction. 

Although the shade cast by the old Norway pines themselves may 
never be too dense for the establishment of reproduction, that cast by 
,i|in understory of hazelnut, birch, alder, and other shnibs may quite 
Effectively exclude pine seedlings. Fifty-five measurements taken of 
light beneath brush canopies gave values ranging from 0.7 to 15.8 
per cent, with a mean of 4.4 per cent and a median of 3.5 per cent. 
Only rarely are pine seedlings able to grow through an understory of 
such density. In practically every case where the brush formed a 
continuous canopy, pine reproduction was either absent or in very 
p6or condition. The whole study points to the importance of the 
undergrowth in determining coniferous establishment in virgin stands. 
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RADIATION INTENSITY - PER CENT OF TOTAL SUNLIGHT 
O FREQUENCY • ABUNDANCE 

Fkjuke 6. — (’orrolation between light intensity and the froQuency and abundanve of vari- 
ous woody plants found growing in a virgin Norw^ay pine stand. Numerals indicate 
number of plots used to determine the point 
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Figure T.—CJorrelation between light intensity and the frequency and abundance of various 
herbaceous plants growing in a virgin Norway pine stand. Numerals indicate number of 
plots used to determine the point 
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The minimum light value in which Norway and white pines can 
exist seems to be between 1 and 5 per cent. Twenty-one measure- 
ments of light beneath dense Norway pine reproduction gave values 
ranging from 0.9 to 8.2 per cent with a mean of 3.4 per cent and a 
median of 3.0 per cent. No young seedlings were actually growing 
where these low values prevailed, yet the saplings themselves were 
able to reduce the light to that value. If it is assumed that green pine 
needles can not persist long in light values too low to supply energy 
for their own photosynthetic needs, then the minimum light require- 
ments for survival would be approximately equal to the intensity 
prevailing beneath the very dense stands. This value is, however, 
probably nearer the minimum requirement for survival where other 
factom are favorable, and would be, therefore, much lower than the 
value required for establishment and growth of pines in the forest. 

LIGHT AND HEIGHT GROWTH 

III Figure 3 the mean annual height growth for Norway, white, and 
jack piiies is plotted with light intensity as abscissas. Both white 
pine and jack pine were usually sparse in the understory; hence the 
curves show great irregularities. Norway pine, on the other hand, 
shows a fairly regular trend. It can be seen that up to about 63 per 
cent light, at which point Norway pine showed a maximum, the 
grow’^th increases fairly regularly with increasing light. Jack pine 
shows a maximum at 75 per cent and white pine at 30 per cent. The 
ability of a species to attain maximum height gpwth at low light 
values may be considered as a measure of its relative tolerance. Tlie 
relative tolerance of the three species, as determined by this method, 
is, in decreasing order, w'hite pine, Norway pine, and jack pine. This 
is the order of tolerance commonly accepted in this region. 

At this point it is well to' consider the actual maximum values. 
White pine showed a maximum mean annual growth of 0.33 foot or 4 
inches; Norway pine of 0.25 foot or 3 inches; and jack pine of 1.05 
feet or 12J^ inches. Except for jack pine, the maxima are low. They 
do not represent the maximum possibilities of the species, but rather 
the average maximmn growth attained in crowded stands beneath an 
upper canop;y. One plot, located in the center of an opening about 
200 feet in diameter, is covered with a dense stand of Norway and 
white pines approximately 26 years old and 20 to 30 feet in height. 
White pine has growm irioro rapidly than Norway pine and appar- 
ently will soon almost completely occupy the area. The true maxi- 
mal height growth, therefore, for Norway and white pines is much 
greater than 3 to 4 inches a year and seems to occur in full sunlight 
rather than in shade. This is indicated by the last point on the curves 
of Figure 3. 

In Figure 4, the mean annual height growth of Noiway, white, and 
jack pines is weighted for the actual number of trees of each species on 
each mil-acre quadrat. This gives a better picture of the actual 
powth of the stands of young reproduction, since the species which 
had gained ascendancy on a given plot seemed to be isolated to chance 
as well as to light values. A straight line is drawn on the chart to 
show how nearly the growth is proportional to the light intensity. 

Approximately 35 per cent light appears to be necessary for reason- 
ably good growth. In light values below 20 per cent growth is too 
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slow to insure thrifty development of the young stand. In fact, 
tirees showing only one-half inch yearly growth are generally extremely 
unhealthy or actually dying. 

LIGHT AND THE GROUND COVER 

The frequency and abundance of other plants are plotted against 
light intensity in Figures 5, 6, and 7. The ciurves given are based on 
estimates rather than accurate counts; hence only general trends are 
considered significant. In studying these curves, particularly the fre- 
quency, attention must be paid to the weights of the points, as any 
point with a weight of 1 can have only frequencies of 0 or 100 per cent 
and one with a weight of 2 may have in addition only 50 per cent. 

Table 2. — Clasaification of ground cover as io abundance under different light 

intensities 


(’(•vor never Hhuudant 


l*appr birch. 

Red maple. 

Rur oak. 

Red oak. 

Af!i)eu. 

Thicket shadblow 
lM*rry. 

Pin cherry. 
Appalachian <‘herry. 
Chokecherry. 

Willow. 

Red raspberry. 
Spreading dogbane. 
Late aster. 

Kurebell. 

Oonimon i»i|)sissowa. 
freatn p*‘a vine. 
Puccoon. 

Fringed polygala. 
Hattlcsimkc-root. 
Roundleaf pyrolti or .shii 
Sldebolls pyrola. 

Early moadowrue. 
Cow vetch, 

Violet. 

Erect bindweed. 
Bastard toadflax. 
American sturflower. 
Karrowleaf cowwheat. 


( V>ver abundant at high 
intensities 


.Tack pine. 

Norway pine. 

Inland .Icraey-tea. 
Bearl)erry. 

Bracken. 

Sedge. 

Grass. 

Mayflower. 

American wood unt'monc. 
Pusstyoes or everlasting. ’ 
Aster. 

Smooth aster. 

Virginia strawberry. 
Goldenrod. 

Fire weed. 


Cover abundant at in- 
termediate intensities 


Whito pine. 

Alder. 

.American hazelnut. 
Beaked hazelnut. 

Dwarf busb-hono>'sucklc. 
Rose. 

Wiiitcrgreen. 
l/owbiish bluebt^rry. 
Wild sarsaparilla. 
Bigleaf aster. 

Trai ling-arbutus. 
Northern bedstraw. 
Dwarf dcw’berry. 


ir Juno 


nleaf. 


I Cover abundant at 
I low intensities 

] 

i 

! Bunchberry, 

' American twinflower. 

I Groundeedar. 
i Bluebead. 

j American germander. 


! 


Table 3. — Classificaiion of ground cover by tendency to high frequency of occurrence 

under different light 


Indefinite 


Greate.st at high in- 
tensities 


Greatest at intermediate 
inteasiticK 


Greatest at low iu- 
tensitie.s 


Pin cherry. 

Red oak. 

l>warf busb-honeysiicklc. 
Wlntergreen. 

Appalacibian <!herry. 

Red raspberry. 

Willow. 

Lowbusb blueberry. 

Grass. 

Mayflower. 

Bracken. 

American wood anemone. 
Cream pea vino. 

Puccoon. 

Roundleaf pyrola or shinleaf. 


Paper birch. 

.Tack pine. 

Norway pine. 

Alder. 

Thicket shadblow or 
Juno berry. 
Bearberry. 

American hazelnut. 
Sedge. 

Pussytoes or everlasting. 
Smooth aster. 

Aster. 

Harebell. 

Trailing-arbutus. 

Firewood. 

Virginia strawberry, 

Goldenrod. 

Violet. 


Red maple. 

Asjpeu. 

Inland Jorscfy-tca. 
Rose. 

Spreading dogbane. 
T^te astejr. 
f7ommou pipsissewa. 
Bastard toadflax. 
Erect bindweed. 
Narrowleaf cowwheat. 
Fringed polygale. 
Rattlesnake-root . 
Sidebclls pynrola. 
American starflower. 


White pine. 

Bur oak. 

Bunchberry. 

Beaked hazelnut. 
American twinflower. 
Chokecherry. 
Groundeedar. 
Bluebead. 

Wild sarsaparilla. 
Bigleaf aster. 
Northern bedstraw. 
American germander. 
Eorly meadowrue. 
C7ow vetch. 

Dwarf dewberry. 
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An examination of the curves in Fi{?ures 5, 6, and 7 shows that 
several species exhibit the same general tendencies in their response 
to light. In Table 2 they are separated into four groups — those never 
abundant, those most abundant at high light intensities or tending to 
become more abundant with increasing light, those most abundant at 
intermediate light intensities, and those most abundant at low light 
intensities. This table shows also that the number of species in each 
group decreases with decreasing light intensities. 

The frequency of plants in a given light intensity class is perhaps 
more sulqect to chance variation than the abundance; hence, the 
frequency curves shovr more irregularities. Some curves are too 
irregular to show any definite trend. In Table 3 the plants are 
grouped according to their tendencies to be most frequent at high, 
intermediate, or low light values. 

Examination of Tables 2 and 3 will show that certain species appear 
to be misplaced. Aspen, beaked hazelnut, and bur oak are ordinarily 
considered intolerant and are usually found growing best on modern tety 
heavy soils. When these plants occur in Norway pine forests they 
appear to do better in the shade. This condition would probably 
be reversed on a better soil. 

COMPETITORS OF CONIFERS 

The most serious competitors of young conifers starting under the 
old Norway pine stand are beaked and American hazelnut, inland 
«Jersey-tea, bracken, grass, sedge, lowbush blueberry, and bearbepy. 
Of these, hazelnut and lowbush blueberry seem to thrive best in li^ht 
shade, but the others increase in abundance and in vigor with in- 
creasing light. As Norway pine does ve^ poorly in less than 35 per 
cent light, it would seem best to maintain intensities of about 35 to 
50 per cent light (w^hicii corresponds to a crown density of about one- 
half to two-thirds in virgin stands) until the Norw ay pine is sufficiently 
well started to be out of danger from competition by grass, sedge, 
bearberry, and bluebeiTy, then to increase tlio light value by degrees 
up to 100 per cent. Of course, regulation of crown density alone will 
not free Norw^ay pine from competing vegetation, but, by maintain- 
ing a crow n density wdiich is more favorable for Norway pine than for 
some of its active competitors, the pine should have ii better chance 
to gain ascendency. 

RELATION OF LIGHT STUDIES TO SILVICULTURE 

The results of this study indicate that both the establishment and 
growth of young pines in a virgin Norway pine stand are definitely 
correlated with light intensity. Individual plots show considerable 
deviation from the general average, but these deviations arc due in 
largo part to inaccuracies in sampling the light intensity, inaccuracies 
in sampling the coniferous reproduction, and certain extraneous 
factors, chief of which is the competition of other vegetation. The 
study also indicates that light as a grow’th factor operates in the 
same way in the forest as in carefully controlled experiments with 
artificial conditions. The full effect of added light is, however, not 
always utilized in the forest because other grow'th factors may not 
bemvorable. 



Feb. 1 , 1932 Light Intensity and Plant Growth in a Pine Forest 243 


Virgin Norway pine stands 200 years old or older are not likely to 
be so dense that Norway seedlings can not grow niiderneath the old 
trees. If, on the other hand, alder, hazelnut, birch, and other plants 
become established in the openings in a virgin stand, they may quite 
effectively exclude all conifers. Removing the remaining old trees 
from over the underbrush is not likely to result in conifers becoming 
established unless the brush cover is broken up by logging operations. 
In marking trees for cutting at the end of a forest rotation, attention 
should bo paid to the undergrowth as well as the mature trees, as a 
stand of shrubs and aggressive herbs may rapidly take over the area 
before conifers can be established. On areas devoid of reproduction 
and having 35 per cent or more light, some other treatment than 
cutting the old stand should be given to bring in the desired stand of 
young trees. 

The gradual enlargement of small openings in which reproduction 
is already established would seem to be the ideal method not only for 
getting a. good establishment of reproduction in an old stand but also 
for providing best conditions for its subsequent survival and growth. 
Such a method, which is essentially the groiij) selection system, also 
tends to discourage tfic active competitors of conifers which seem no 
more able to thrive beneath a dense canopy of young pine than the- 
pine is able to thrive beneath dense underbrush. 

These recommendations as to proper silvicultural treatment are 
at present offered chiefly as suggestions, since their ai)plicatioii to 
areas outside the stand actually investigated has not been 
demonstrated. 

SUMMARY AND CONCLUSIONS 

In a virgin Norway pine stand studied in relation to light and to 
other vegetation, approximately 35 per cent light, or a crown density 
of about two- thirds, seems to offer satisfactory conditions for the 
establishment of Norw^ay pine seedlings. Light values below' 17 per 
c.ent result in uncertain establishment. The number of trees per 
acre seems to continue to increase wuth the light up to the intensit}" 
of full daylight. 

The height grow th of Norw ay pine increased with in(*reasing light 
u]) to 03 per cent. White pine showed a maximum growth at about 
30 per cent light, and jack pine at 75 per cent. These maxima are 
believed to be apparent maxima applying only to the conditions in 
the stand studied. The fact that wdiite pine attains maximum height 
at lower values than Norwray pine, and Norw'ay pine at lower values 
than jack pine indicates that white pine is the most tolerant of shade 
and jack pine least. This is in agreement with current opinions 
based upon other methods of study. 

When the growth of the stand is considered instead of the grow^th 
of individual species, there is a more definite correlation between 
the light intensity and height growth, which tends to aj)proach a 
linear relationship. 

The light intensities commonly prevailing in virgin stands of 
Norway pine are not likely to be too low for the establishment of 
reproduction. On the other hand, understories of hazelnut and 
other shrubs, wmicli reduce the light to less than 5 per cent, quite 
effectively exclude coniferous seedlings. 
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In virgin Norway pine forests, the presence of an understory of 
shrubs is just as im])ortant in detenniniiig the establishment of pine 
seedlings as the dendty of tlie old stand. 

The group selection cutting system most nearly duplicates the 
conditions in a virgin stand ^ich appear most satisfactory for the 
establishment and growth of the young trees. 
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GROWTH RECORD OP FERTILIZED APPLE TREES GROWN 
IN METAL CYLINDERS ^ 


By R. D. Anthony, Professor of Pomologyt and W. S. Clarke, Jr., Assistant in 
Pomology^ Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

In 1908 the Pennsylvania Agricultural Experiment Station began a 
series of fertilizer experiments in commercial apple orchards in several 
sections of the State. The results (7, 8, 9y were so variable that in 
many of the orchards it was difficult to find significant differences 
between contrasted treatments. Studies of these orchards and of 
the resulting data indicated that four factors were chiefly responsible 
for the variability of the results: Initial differences in soil fertility: 
differences in methods of management, esi)ecially the use of sod as 
(compared with tillage; slope, which not only created initial fertility 
differeii<*es, but continued to accentuate them during the continua- 
tion of the experiment; and genetic <Jifi*erences affecting the vigor of 
the seedlijig roots. 

METHODS OF EXPERIMENTATION 

In 1918 it was decided to begin at State College a fertilizer experi- 
ment in wiiich as many as possible of these variables would be elimi- 
nated or considerably reduced in effect through the use of metal 
cylinders to confine tlie roots in uniform soil. At the time this experi- 
ment was being planned, the Delaware Agricultural Experiment 
Station w as growing peach trees in large concrete pits and the Florida 
station ( 3 ) had citrus trees growing in eight galvanized-iron tanks, 
i) feet 8 inciies by 4 feet; but, as far as the authors know, no success- 
ful attempt had been made to grow apjile trees to maturity in this 
manner. While this expermient w^as under w^ay, a number of experi- 
menters successfully used dwarf apple trees in pots in fertilizer studies. 
The recent work of Davis is an example ( 4 )- 

To secure greater uniformity of root growth it seemed desirable to 
use vegetativelv propagated roots of a single (don. Through the 
cooperation of R. G. Hatton, of the East Mailing Research Station, 
Kent, England, the requisite number of Mailing Type 12 apple roots 
were forwarded in Januaiy, 1920. Unfortunately, "this shipment was 
lost in transit. The following year Professor Hatton sent a second 
shipment of the same stock, but w as obliged to include stock of two 
ages — some that had been removed from the mound layer and gi’own 
one year in the nursery row and some that had just been separated 
from the mounds. 

These roots were planted in a nursery at State College in the spring 
of 1921. Ten days later the older stocks were cut off and whip 
gi'afted with scions from a lO-year-old Stayinan Winesap tree in the 
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college orchard, which, in turn, had been propagated from a tree 
used in one of the fertilizer experiments begun in 1908. In the sum- 
mer of 1921 the remaining stocks were budded from the same tree. 

In the meantime, 42 cylinders, or ‘‘rims,^’ of %-inch boiler plate 
feet across and feet deep had been secured. These were sunk 
in the ground to within 6 inches of the top at the corners of 20-foot 
squares, making 6 rows of 7 cylinder each. The area of each rim was 
approximately one twenty-two-hundredths of an acre. Each rim 
held about 5 tons of soil. The bottoms of the cylinders were not 
closed, but were set on several inches of coarse crushed limestone. 
The first 3 or 4 inches of the filling were of this material. It was 
expected that this layer of stone would prevent the downward move- 
ment of the tree roots, but this proved not to be the case. 

The soil used to fill these cylinders was taken from an area on the 
college farm that, as far as could be determined, had received little 
or no fertilizer. The soil was dug in three layers, the first, 9% inches 
deep; the second, 9}i to 18){> inches; and the third, from 181^ to 60 
inches. Each layer was thoroughly mixed and placed in the rims in 
its original order. Water was run in when the soil was placed in the 
rims to assist in compacting it. This work extended through the fall 
of 1919 and the spring of 1920. 

The soil used is classified as a Hagerstown silty clay loam. It 
has been formed in place by the weathering of the" limestone of the 
lower Silurian formations. As the rims were filled, samples were 
taken for chemical and mineralogical analyses. The results of these 
examinations have been presented by Thomas (10). The soil is rich 
in a wide range of the rarer elements. Phosphorus is low, the analysis 
showing only about 0.1 per cent P 2 O 6 , while potassium is high, witli 
K 2 O averaging over 4 per cent. 

Because of the loss of the fimt shipment of stocks, trees were not 
available for planting in the rims until the spring of 1922. In the 
meantime, crops were grown in the rims and worked into the soil to 
improve its fertility, 

PLANTING AND EARLY CARE OF TREES 

The first planting w^as made in May, 1922. The four inner rows 
of seven rims each were filled with the older stocks which had been 
whip grafted the previous spring. On April 19, 1923, the two outer 
rows were planted with the stocks that had boon budded. Table 1 
shows the weights of these trees at planting and their location, 

Tablb 1 , — Weights of trees at time of ‘planting 


Row 

1 Weight (grams) of trees in row indicated 

! F « 

£ 

! D 

C 

B 

A “ 

No.l 

37fi 

130 

130 

120 

136 

385 

No. 2 - 

370 

140 

115 

116 

135 

350 

No. 3 

SfiO 

160 

110 

no 

17.5 

345 

No. 4 

340 

m 

100 

100 

180 

.336 

No.fi - 

32fi 

180 

90 

m:io 

105 

316 

No. a 

31fi 

210 

85 

86 j 

105 

310 

No. 7 

200 

216 

76 

76 1 

220 

002 


• Rows A and F wero planted in 1923, 1 year later than the other rows. The later-planted trees were 
laiger at the time of planting. 

This tree was also planted in 1923. It replaced the original tree which had been badly injured with a 
oultivatingtool. 
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Because of the limited number of stocks avtiilable, it was not 
possible to make a close selection of the planting material. However, 
the smaller number needed when the two outer rows were planted 
made it possible to select fairly uniform material for these rows. The 
coefficient of variability with respect to weight of trees for the 28 in 
the middle four rows was 31.9 ±3.2; for the outer two rows, 8.5 ± 1.1 . 

The fertilizer treatments were planned to run north and south, 
with six trees in the row and seven rows available for contrasting 
treatments. (Fig. 1.) Table 1 shows the attempt that was made to 
smooth oir the variability of the inaterial at the first j)! anting. The 
two lightest trees were planted in the two central rims of the east 
row and the two heaviest in the two adjoining rims of the same row. 
There is a i)i*ogressive increase from east to west in the tree weights 
in the central two rows of trees, and from west to east in the adjoin- 
ing two rows. Thus there is a high degree of vanability among the 
trees in the east, row but four quite uniform trees in the west row. 

The entire area received the same treatment until May, 1924, 
when the trees had become well established. Kach year the tj*e,es 
were hoed during the spring and summer, and winter cover crojis 
WTre grown. 

Faiiy in the jdanning of this experiment it w as seen that many of 
the iwobhuns could be solved only by chemical studies. William 
Frear, chemist of the Pennsylvania Expenment Station, made a pre- 
lirninaiy study of available methods of attack, with the assistance of 
Walter Thomas, of the Department of Agricultural and Biological 
Chemistry. Since the death of the former in 1922, l)o(‘.tor Thomas 
has had charge of the chemical research connected with this ])roj- 
ect, wdiilc the Department of Horticulture has had charge of the 
care of the trees and the taking of all field records. 

The only pruning given the trees w^hile they were under unifonn 
ti’catmeiit was to remove the wood needed for chemical analyses, 
most of the material being taken from the trees tfiat had made the 
heaviest growth. The correlation between the total branch elonga- 
tion of the trees for 1922, 1923, and 1924 and the length of the priin- 
ings removed from the trees was 0.37 ±0.09. This heavier pruning 
of the more vigorous trees helped to increase the uniformity of the 
block. 

As long as this experiment w^as in pj-ogress, trunk circumference 
and branch elongation were measured each year, but not spur growrth. 
All p’owths under 5 cm. were considered potential spurs. In 1922 
the leaves were secured at leaf fall and wreighed. In after years leaf 
samples were weighed, but no estimates of the total leaf area or 
weight were made until 1927 at the time the trees w^erc dug up. 

The coefficient of variability of the first year’s total branch elonga- 
tion for the 42 trees was 46.3 ±4.1. This included the 1922 growth 
of rows B through E and the 1923 grow^th of rows A and F. When 
these 1923 rccoi*ds of rows A and F were used wdth the same year’s 
records for the other rows, the coefficient of variability for total 
branch elongation was 24.2 ± 1.9, and for trunk diameter, 12.9 ±0.97. 
These figures indicate that the outer rows, though i)lanted a year 
later, are fairly comparable to the inner four rows because of their 
larger size at planting. 

A mixture of bluegrass and timothy was seeded in half of the rims 
on May 27, 1924. 'Die coefficient of variability of the branch elonga- 
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tion for the trees in sod during 1924 was 17.5 ± 1.88; for those under 
cultivation, 27.1 ±3.02. The coefficient of variability for tnmk dia- 
meter of all the trees was 14.3 ± 1 .07. 

From 1920 through 1923, two to three green-manure crops were 
grown annually in the rims. Whenever possible, records of height 
or weight of these covers were taken. These records were reduced 
to percentages, the rim with the heaviest cover crop each time being 
rated at 100. Table 2 shows the average percentages of the five 
cover crops which were measured, each being recorded in percentage 
of the largest cover of the respective crop. As judged by the growth 
of these cover crops, the soil in the rims showed a high degree of 
uniformity. 

Tabl£ 2 . — Average 0 / jive cover crops before fertilization^ expressed in percentage of 
the heaviest cover of each cover crop 
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Percentage crop cover in row indiisated 

Average 

V 
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A 

No. 1 

73 

CO 

ou 

.68 

62 

74 

0.3 

No. 2 

81 


71 

69 

68 

70 

70 

No. 3 


66 

02 

58 

07 

90 

00 

No. 4 

77 

6.6 

70 

64 

68 

78 

09 

No. 5 

81 

06 

72 

79 

61 

78 

71 

No. fi 

79 

00 

68 

76 

70 

62 

70 

No. 7 

60 

57 

61 

73 

03 

73 

06 

Average * 

76 

62 

66 

68 

00 

76 i 
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FERTILIZER TREATMENTS 

Figure I shows a diagram of this block with the fertilizer treat- 
ments indicated. Table 3 gives the weights of the various salts 
used and the time of application. All fertilizers were chemically 
pure materials. It was originally intended to use amounts equivalent 
to 50 pounds of N, 100 pounds of P 205 » aiid 50 pounds of K 2 () per 
acre for trees standing 100 to the acre. The reasons for changes 
from this plan will be mentioned later. 

Tablb 3. — Time of fertilizer applications and quantities used for each rim 


Weight (grains) and kind of fertilizer used in row indicated 


Treatment and date applied 

i(P) 

2(N) 

3(N,P,K) 

4 (check) 

6 (P, K) 

6(N,K) 

7 (N,P) 

NuNOs: 








Aiir. 18, 1926 


006 

906 



006 

906 

May 3, 1926 


46 

46 



46 

46 

June 7, 1926 


463 

463 




453 

463 

June, 1926 


4^ 

408 



408 

408 

May 6, 1927 


3.37 

;«7 



:i37 

337 

May 18, 1927. 


3.38 

338 



:i38 

3:i8 

June 10, 1927 


337 

337 



337 

3:17 

CaH4(P04)sHsU: 








Apr. 18, 192.6 

634 


6:14 


634 


634 

M&y 3, 1926 

267 


267 


267 


267 

June 7, 1926 

267 


267 


267 


267 

May 5, 1927 

634 


684 


6:14 


6:14 

May 18, 1927 

267 


267 


267 


267 

KiSOc 







Apr. 18, 1926 



203 


293 

203 


May 3, 1926 



147 


147 

147 


June 7, 1626 



147 


147 

147 


May 5, 1927 



293 


293 

293 


May 4 1927 



147 


147 

147 
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Nitrogen and phosphorus were employed as single element treat- 
ments but potassium was not. The HagerstowTi soil used in this 
experiment is well supplied with potassium, and none of the orehard 
tests previously conducted in this State had shown any clear evidence 
of a potash response. 

Numerous field experiments have indicated that the nature of the 
fertilizer response is very materially altered by the presence or absence 
of grass in the orchard. Because of this fact, the south half of each 
row of rims (trees D, - - ^ ^ ^ 

E, and F) was seeded ^ ^ ^ 

to bluegrass on May r/LJL^GS 

f .-r / o o o o o o 

The first fertilizer 
treatment was not 
made until the spring 

of 1925; htmee there O O O O O O 

was nearly a yeardur- 

/>0ZAss/i/Af 

block was under an«^ r\ r\ h\ ^ 
unfertilized sod. It ^ ^ ^ ^ ^ ^ 

was not expectetl that- 

this new sod w^ould A^a/ir£ 

matmally influence A Q Q Q Q O O 

the grow'th ol the trees 
in such a relatively 

short time, but Table ^ A///? P^/>^ss/j/Af 

4 show^s that it did O O O O O O 

to a significant ex- 
tent in the majority 

of flin ///r£0^£/^ POTy^SS/l/Af 

The low odds in row *^0 O O O O O 

5 w'ere due to the fact 

that one of the culti- P//OSP//(?£^ 

vated trees had been 7 Q) Q O O O O 

replanted. In row 7 .. 

one of the largest 

riciiJEE 1 ,— Diaerani indicutitiK rims, or cylinders, containing the 
trees glowing 111 sod. trees, which were located at the corners of 20'foot squares; thefer- 
had been killed back tuizer treatments used are also shown 


0 

0 

0 0 

0 

0 

^0 

0 

AZOAZ£ 

0 0 

0 

0 


PP^SP/ZOP^/S PAT/? P^ZTZSS/Z/Af 

0000 

0 


/y/7eC?^£A^ P07y9SS/^Af 

0000 

///7P^(?£A' P/faSP//0£l/i7 

0000 


PiciiJEE 1,— Diaeram indicating rims, or cylinders, containing the 
trees, which were located at the corners of 20-foot squares; the fer- 
tilizer treatments used are also shown 


to within a few inches of the bud during the winter of 1923-24, and 
consequently made a heavy renew^al growth in 1924. Table 4 shows 
that the trees growing in sod started the period of fertilization with a 
slight handicap. 

The first application of fertilizer W’as only two-thirds of the amount 
intended to be used as an annual application. In spite of this reduc- 
tion, the concentration of these amounts in the small area of a single 
rim resulted in serious burning of the grass. For this reason the other 
third w^as not put on in 1925, and in later yearn the amounts used in a 
single application were further decreased. Even then there was, 
at times, some burning of the grass. 

The injury to the grass from the fertilizer was usually greatest 
where nitrate of soda was used, but even in rims which received only 
phosphorus some iniuiy was evident. In nearly all cases the injuiy 
was temporary, and the grass was quickly replaced by a new and 
vigorous growth. On any portions where the grass roots were killed 
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the ground was sodded over with grass grown in a bed which had been 
filled with the same soil as the top layer in the rims. 

Table 4.-— ^Comparative branch elongation of trees in cultivated and in sodded 

rimSf 1924 


Row 

No. 

Treatment 

Odds « 
in favor 
of culti- 
vated 
trees 

Row 

No. 

Treatment 

1 

F 

Utol. 

6 

P, K 

2 

N 

102 to 1. 

(i 

N, K_ 

3 

N, i‘, k - j 

220 to 1. 

7 

N, P - 

4 

None 

102 to 1. 




I 0(ids« 

; in favor 
! of culti- 
i vated 
trees 


3tol. 


, 102 to 1. 
j 7lol. 


« The significants uf the difference between any two treatments has t>een estimated by the use of Stu- 
dent’s method f<»r interpreting paired experiments { 6 ). Where, as in tills talile, the coniparisoii is iietwocn 
sod and tillage, tiie pairing has been A-F, n-K, (3-D. (Fig. 1.) When contrasting fertilizer treatments 
iiave iieeu compared, the pairs have been those wit h similar letters. 

Statisticians are agreed that odds of 30 to 1 may tie ticcepted as clear indication that the difference is 
significant. Significant odds simply mean that the contrasted data differ by an amount too large to be 
due to chance. One is justified in placing reliance on the inter]iretatiou of this significant difference only 
in proportion to the success in eliminating all other vorialiles except the treatment under study— a con- 
dition very difficult to comply with in horticultural research. 


Whenever the grass was high enough, it was cut with hand shears 
and the clippings weighed. Table 6 gives the weights of these 
cuttings. There were large differences in sod growth under the 
different treatments. 


Table 5. — Total weights per rim of grass clippings made during 1925, 1926, and 1927 


Row 

Treatment 

< 

No. 1 

P 

No. 2- 

N 

No. 3 

N, P, K 

KTn 4 

None 

No. fi 

P, K 

No. 6 

N, K - 

No. 7 

N, r - 


Weight (grams) of grass 


clipi)Od on lettered rim 



iudiuatod 


.\vcrugo 

F 

K 

D 


1, 1«)0 

850 

787 

932 

2,8(M) 

2, 240 

3,963 

3,021 

4,870 

4,920 

3,058 

4,283 

070 

490 

445 

535 

1,490 

750 

1,030 

1,090 

1,970 

2,530 

1,733 

2,078 

4,200 

5,600 

4,215 

4,692 


The burning of the grass through the use of nitrate of soda has 
already been described. The apjjlication of the same amount of 
fertilizer to the rims under cultivation modified the clay and affected 
the physical condition of the soil, making it less friable. This change 
in condition was sufficiently pronounced to be noted by field men 
who hoed the rims. The admtion of the other fertilizer materials 
to the nitrogen fertilizer did not modify this effect. The idms under 
cultivation that did not receive nitrogen remained in excellent condi- 
tion throughout the test. The addition of the chopped rye described 
below probably helped to improve the soil structure. 

COVER CROPS AND WATERING 

The oldest field fertilizer experiments in the United States are 
located on the college farm on soil very similar to that used in the 
rims. At the end of 40 years Gardner et al. {6^ p. [5]), stated : “Phos- 
phoric acid is the first limiting factor in this soil and until this element 
IS supplied, nitrogen and potash give very little increase in yields.” 
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Tho first application of fertilizers in the rims was made early in 1925. 
At that time there was a rye cover crop in the cultivated rims. 
Partly because of the fertilization, and partly from unknown causes, 
the growth of the rye cover crop in the different rims varied con- 
siderably when the crop was ready to be spaded under in late May. 
To meet this contingency, several beds had been built and filled 1 foot 
deep with soil similar to the topsoil in the rims. These were sown to 
rye when the rims were seeded. The rye in each rim was cut and the 
tops weighed. Enough rye in one of the beds was then cut to make 
the total weight of the tops in rim and bed 1 kg. The roots of this 
area in the bed were then dug and all tops and roots spaded into the 
rim. Thus each rim under cultivation received 1 kg of tops and 
the roots which went with those tops. No attempt was made to 
balance the organic matter in the sod rims. 

Because of the variations in growth of the cover crops no more were 
seeded in the rims receiving cultivation. In the fall of 1925, rye >vas 
again sown in the beds. On May 20, 1920, this rye was dug, the dirt 
shaken from the roots, and the tops and roots chopped up together. 
Two kilograms of this chopped rye wei*e added to each rim and spaded 
into the soil. The same method was used in 1927. In this way 
organic matter was kept from being a serious variable in the cultivated 
rims. 

Early in the experiment it was evident that the normal moisture 
of the restricted soil of the rims would not be sufficient to maintain 
tree growth. Whenever the soil became too dry as indicated by 
soil-moisture determinations, from 1 to 2 inches of water were added 
to each rim. All trees under cultivation reciuved the same application, 
and all trees growing in sod were treated alike, but the latter received 
inore frecpient applications. If there was excess water at any time, 
it would drain away freely through the cnished limestone under the 
rims into the well-drained soil below. 

These applications of water did not maintain a sufficiently uniform 
moisture supply to meet the needs of the trees at all times. During a 
very dry pt'riod in the middle of duly, 1927, the soil moisture dropped 
close to the point of physiological wilting. The drought was followed 
by a period of wet weather. Between 50 and 60 per cent of the apples 
on all trc(^s cracked during the w’^et w^eather. This cracking is char- 
acteristic of tho Stay man apple under irregular moisture supply. 
A few fruits cracked after a diy period in August of the same year. 
If this in*egularity in moisture supply influenced the final results, 
it should have produced the greatest effect on the most vigorous trees. 
However, at no time was there any indication of wdlting of the leaves, 
nor was there any indication that normal branch elongation was 
checked. 

ESCAPE OF ROOTS FROM THE RIMS 

The inner four trees in each row' were planted in 1922 and the end 
trees a year later. During 1926 the older trees, with three exceptions, 
did not make as much total branch elongation as the younger trees, 
either imder sod or in tillage, regardless of fertilizer treatment. It is 
probable that the restricted volume of soil was slowing up the growth 
of the older trees, but was still sufficient for the younger trees. 

One of the older trees, D-3, growing in sod and re<*.eiving the full 
fertilizer treatment, was considerably more vigorous than any of the 
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other trees receiving either this eoinbiuation or nitrogen and phos- 
])horiis, the combinations that gave greatest growth. During the 
summer of 1927 this tree was again abnormally vigorous, and the 
growth of two or three others also seemed longer and the leaves 
greener than on other trees imder similar treatments. Because of 
these variations, it was decided to explore outside the rims to find 
whether any roots had penetrated the crushed stone in the bottom of 
the rims and reached the outer soil. Pits were dug in the late sum- 
mer of 1927, and about half of the bottom edge of rim D-3 was ex- 
posed. One root over 2 feet long, probably in its second season of 
growth, was found, another about 18 inches long, and several small 
ones. From about one-third of the circumference of rim A-S, in 
which the tree was a year younger, 25 g of roots were se<iured. 
The longest was not more than a foot and a half, and evidently all 
were of that season’s growth. Other rims in each treatment were 
])artly uncovered; in each case some roots, ranging from small fiber’s 
to roots several inches long, were found extending into the surround- 
ing soil. This dis(^overy led to the decision to dig out all the trees in 
the fall of 1927 and to terminate this phase of the exj)eriment. 

Did the escape of roots influence the results enough to destroy their 
value? When all the trees were taken out of the rims in the fall of 
1927, studies were made of root distribiition, and any roots penetrat- 
ing beyond the bottom of the rims were noted. Roots, other than a 
few small fibers, were found outside of only 17 of the rims. In 4 of 
these rims (B-l, B-2, D~3, F-1) the roots appeared to be in their 
second season of growth. If the performance of these four trees is 
judged by their total branch growth during 1927, all seem to show 
somewhat greater grow'th than the performance of similar trees w'ould 
lead one to expect. While the presencre of the younger roots outside 
the rims probably influenced the trees which produced tluuu, there is 
no consistent evidence that this influence was great enough materially 
to change the nature of the results. 

Two of the four trees with older roots outside the rims (B -2, D“3) 
received nitrogen. Any added vigor due to the escape of these roots 
would serve to accentuate the vahic of nitrogen in the 1927 records. 
The importance of this element in the experiment had been estab- 
lished with considerable certainty before this time; consequently, 
while the extent of some of the differences may have been influenced 
by the escape of the roots, the relative nature of the records would 
not be materially affected. 

LEAF WEIGHT AND BRANCH ELONGATION 

When the trees were dug out in the fall of 1927, the following 
records were taken: Weight of fruit, weight of leaves, 1927 branch 
growth, total weight of tops, diameter of trunks, and total weight of 
roots. The weights were all of fresh materials. Some samples were 
])re8erved for chemical analysis, and dry weights of these were deter- 
mined. Since two papers {12^ 11) have been published in which 
certain of the chemical analyses made during the progress of this 
experiment have been reported, this phase of the work is omitted 
from the present paper. 

From September 21 to 30, 1927, all the leaves were picked from 
the trees and weighed. Table 6 gives the fresh weights. 
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All of the highest 12 trees with respect to leaf weight received 
nitrogen, either alone or in combination; half of these were in lims 
receiving cultivation. Experiments in the col jege orchards since the 
planting of the trees, in 1908, which are similar in nature to these 
more carefully controlled tests, failed to show (/, 2) any clear response 
to nitrogen applications from trees under cultivation until the orchard 
was at least 15 years old. The very positive nitrogen return in leaf 
weight during the third season of the fertilizer applications in the 
case of the rim trees under cultivation shows how much the use of 
the confining rim hastened root crowding and soil exhaustion. These 
differences are shown clearly in Figures 2, 3, and 4. Among the trees 
receiving nitrogen, those under sod had practically as heavy a leaf 
crop in 1927 as did those under tillage. 

Table 6. - Weights of green leaves picked from apple treeSf September t J()27 


Kow 


No, 1- 
No. 2-. 
No. 3.. 
No, 4,.. 
No. 5 . 
No. « . 
No. 7... 


'Preatmenl 


,! P — ! 

! N j 

I N, P, K. - 

. None 


j P, K 

J N, K 


N, P 


Weifjfit (Krams) of Jeavos from 
trees In sotl 


WeiKht (grams) of leaves from 
trees in tillage 


F 

E 

1.830 

098 

3.400 

2,314 

2, 620 

3,791 

620 

1 1J»2 

1,460 

960 

3,240 

2,397 

3,810 

3,880 


D 

Average 




Average 

1,295 

1. 374 

■ 

2,169 

.3,146 

2,435 

2,583 

2,800 

2, 8.68 

2,113 

4. 416 

4, 000 

3, 629 

4,976 

3,796 ’ 

! 3,623 

3. 440 

4,690 

3,918 

1.220 

980 

1 1,882 

1,856 

1 1,9.60 ! 

1,896 

1,116 

1,172 

1 2. 140 1 

1,493 

1 2,600 ! 

2,078 

,3, 370 

3, 002 

! 2,796 

2,600 

1 2,600 j 

2,66.6 

4,266 

3, 982 

2,998 

4,260 

i S,«30 

3, 629 


Trees receiving phosphorus showed a definite increase in leaf weights 
in 1927 over trees similarly treated but not receiving that element. 
(Fig. 2 compared to fig. 3.) There were three treatments of three trees 
ea<^h, both under sod and under tillage, in which phosphorus was 
checked against no phosphorus (N, P, K, against N, K; N, P, against 
N, and P against nothing). In the comparison of these treatments 
by Student^s method, the odds that the trees receiving phosphorus 
had significantly greater leaf weights than those not receiving phos- 
phorus, imdcr sod and under tillage separately, were both about 
6Stol. 

Not one of the 12 trees highest in leaf weight in 1927 stood in the 
row receiving nitrogen and potassium; in fact, the highest ranking 
tree in this treatment was fourteenth. The odds by Student's method 
that the trees receiving the N, K treatment had significantly less 
leaf weight than those in the adjoining N, P treatment arc 276 to 1 ; 
(fig. 3, C6 and D6, compared to fig. 4) w’^hile the odds that the addition 
of K to N alone increased the leaf weights are only 3.5 to 1 . 

Table 7. — Total branch elongation of apple trees during 1925 ^ 1926 y and 1927 


Length of branches (centimeters) TiCngth of branches (centimeters) 
in sod rims indioited in tillage rims indicated 


JlOW 

'iTeatment 

F 

E 


Average 

C 

U 

A 

Average 

No. 1 

P... 

6,249 

2,022 

2,429 

3, .667 

0, 142 

9, 762 

6,677 

7, 627 

No. 2 

N 

10,764 

5 ; 070 

8,321 

8,052 

4,679 

12,00!1 

11,7.69 

9,480 

No. 3 

N, P, K 

8,132 

12,116 

18,88:1 

13,044 

11,363 

11,822 

17,603 

13,563 

No. 4 

NririA .. 

2,203 

1, 780 

1, 740 

1,008 

4,080 

4,207 

6,166 

1 4,818 

No. 5 

P, K 

4, 518 

1,786 

2,360 

2,891 

7,201 

3, 102 

10,012 

1 6,802 

No. 0 

N, K 

8,386 

6,660 

9,212 

7,753 

14,077 

6,738 

7,411 

7,IX)0 

1 7,360 

No. 7. 

N. P 

16,075 

13,996 

13,162 

8,568 

9,009 

11,500 

9,892 
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Trees receiving phosphorus fertilizer only under cultivation, 01, and under sod, Pi; 
^soirees receiving a complete fertilizer under cultivation, C3, and under sod, P3. The roots of 
D'Si l^ped from the rim in 1926. Phot.ographed September, 1027 
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As soon as the leaves were harvested, the trees were cut off at a 
uniform height above the edge of the rims. The 1 927 branch growth 
was measured and the total weight of each top secured. As the branch 
growth had been measured each year, it was possible to study total 
branch elongation for the years 1925, 1026, and 1927, during which 
the fertilizers could have influenced tree vigor. Table 7 gives this 
record. 

Comparing sod and tillage, this table of branch elongation presents 
practically the same picture as table 6 in which leaf weights are shown, 
in sod without nitrogen gi*owth decreased to a very pronounced degree; 



Fiouke 4.--Trees ro(«ivinK nitroRen and phosphorus only under cultivation, C7. and under 
sod, P7. Fhotographed September, 1927 


while the addition of nitrogen gave nearly equal growth under both 
sod and tillage. The one case among the trees receiving nitrogen 
that approached nearest to a simificant difference between sod and 
tillage was in the nitrogen and phosphorus treatment, where the 
odds that sod was better than tillage were 20 to 1 . 

In order to make a statistical study of the effect of the fertilizers 
on total branch elongation, the records for each tree for each of the 
three years wrere used, thus giving nine measurements when either 
the three sod or the three tillage trees under one treatment were 
compared to those mider a contrasted treatment. The presence oi* 
absence of nitrogen (N v. none; N, P, K v. P, K) results in such large 
diflFerences, even with trees imder cultivation, that statistical analysis 
is not^ccessary. 
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There is some evidence (Table 8) that the application of phos- 
phorus stimulated tree growth. While the odds are not sufficiently 
large in all cases, the increase from 1925 to 1927 lends weight to this 
assumption. There is also some evidence that phosphorus gave a 
greater response under sod than under tillage. 

Table 9 presents the results of treatments that differed only in the 
addition of potassiimi. There is no indication that this addition 
increased branch gi’ow^th. 

TABiiK 8 . — Influence of /yhosphorus and polassium on tree growth expressed as odds 
that gain over contrasted treatment is significant 

pnosrnouiTs 


Uolfitive order of controsted treatments 


Kovv I (P) grejiter than row 4 fnone) 

How 3 (N, r, K) irrcjiter than row (j (N, K) . 

Kow ft (l‘. K) gieater than row 4 (none) 

JlovY 7 (N. F) greater than row 2 (N ).. - 


FOTASSIOM 


Row 3 (N, F, K) greater than row 7 (N, F) 
Row ft (P, K) greater Ilian row’ 1 (P) .. . 
Row 0 (N, K) greater than row 2 iN).. 


« nilTercnce reversed. 


Odds for sod j Odds for total 
and tillage rims i growth ]92ft-27 


I92ft 

1927 

1 SofI 

Tillage 

«4-l 

47-1 

i 12-1 

12-1 

J4-1 

340 1 

, 22-1 

35-1 

1-1 

30-1 

j 41-1 

19-1 

3'1 

3M 

; 129-1 

2-1 

2-1 

3-1 

i - 2-1 

38 1 

2-1 

n ft-1 

1 M-l 1 

« 2-1 

1-1 

«» 16-1 

•‘2-1 

'*0-1 


TRUNK-DIAMETER INCREASE 

The extent to which trunk-diameter measurements are used in 
interpreting orchard experiments makes it desirable to present these 
measurements for the rim trees. The coefficient of correlation be- 
tween tnink-dianieter increase during the period of fertilization and 
total branch elongation during the same period is ().87 *i: 0.02C>. The 
correlation betwwn trunk diameter and weight of top is 0.88 ±0.028. 

A statistical study of percentage increase in trunk diameter from 
1924 tlirough 1927, the period of differential treatment, show\s that 
this method of measuring trunk increase is not as satisfactory as the 
use of the actual gain or the final diameter. Some of the trees that 
were largest at planting and also at digging showed a smaller per- 
centage increase with the same treatment than some that were much 
smaller both at planting and digging. 

The use of Student’s method to group trees of similar age oj* of the 
same initial vigor for comparison removes some of the difficulties 
caused by such variables as those encountered in the study of |)er- 
centage trunk increase. The method of pairing adopted here grouped 
trees by age, and to a considerable extent b}’' initial vigor, because of 
the method of planting (Table 1); but even this has not decreased 
the degree of variation sufficiently to make it desirable to use per- 
centage increase. 

Table 9 gives the trunk-diameter measurements taken when the 
trees were dug in 1927; Table 10 gives the actual diameter increase 
from July, 1924, to September, 1927. The very high correlation 
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(0.87 ±0.026) between trunk measurements and branch elongation 
would lead one to expect the same conclusions from Tables 9 and 10 
as from the tables showing branch growth, and such is the case. The 
results from the use of nitrogen are nearly the same with sod as with 
tillage, with the possible exception of the N, P treatment, w^here the 
trees gi’owing in sod have the larger diameter. The odds for the 
significance of this difference in Table 9 are less than 4 to 1 ; and in 
Table 10, about 17 to 1; both too small to have much significance. 
Only one of the first 12 trees in Table 10 did not receive nitrogen; 
only one of the lowest 12 did receive nitrogen. 

Table 9. — Trunk diameter of apple ircesy September ^ 1927 


• Trunk diameter (millimetors) of ' Trunk diameter (millimeters) of 
' trees in sod rim indlcate<t tree in tillage rim indicated 


Row 


No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7. 


Treatment 


P 

N 

N, P, K 
None..., 
P.K.... 
N.K..., 
N, P..,. 



£ 



ns 

05 

os j 

74 

U 1 

01 

.?2 

m 

71 

m 

OS 

79 


1> 

Aver- ; 

C 

« i 

! 

A 

Aver- 

age 


age 

.'V8 

r,T 7 1 

09. 

71 I 

0f> 

os. 7 

71 

O.S. 0 

00 

SS 1 


70.3 

90 

’ 77.3 i 

SI i 

77 1 

7.5 

77. 7 

61 

i .54.3 ' 

05 

1 OS ! 

03 

0.'). 3 

00 

' 57. 0 

05 

1 00 i 

OS 

64. 3 

73 

1 71.0 

74 

1 73 1 

70 

72. 3 

S4 

1 77. 0 1 

1 

00 


70 

71.0 


Table 10. — Trunk-diameter increase of apple trees between July^ 192/^, and 

September^ 1927 


I Increase of diameter (milli meters) j Increase in diameter (millimeter.s) 
I of trees in sod rim indicated j of trees in tillugc rim indicate<l 


Row 

'iTcjitmeni 

1 

K 

e 1 

T) 

Aver- 1 « 
age ; ' 

B 

A 

A ver- 
age 

No. 1- 

V 

• 2S 

20 ! 

20 

23 , 

32 

» 28. 5 

36 

32 

No. 2--.* 

N 

38 

29 1 

37 

35 

25 

" 50 

44.5 ' 

40 

No. 3 

N, p, K 

1 ; 

30 1 

« 50 

41 ! 

44 

39 

40 , 

43 

No. 4 

None 

12 1 

21 1 

20 

IS j 

27 

2K 

32.5 

29 

No. 5 

P, K 

1 23 ! 

20.5 ■ 

20 

21 1 

32 

20 

42 1 

3i 

No. 0 

N, K 

! 41 

30 

33 

35 i 

35 

31 

40 i 

35 

No. 7., j 



42 ] 

i 

« j 

4.5 

4,| 

29 

1 

30 

40.5 ; 

1 

33 


« Roots escaped from rims 2 years before digging. 


TOTAL WEIGHT OF TOPS AND ROOTS AT DIGGING 

When the trees were dug, the trunk of each was cut off as close as 
possible to the place w'here the top had been grafted on the root. 
The soil was dug in three layers — 0 to 7 inches, 7 to 21 inches, and 
21 inches to the bottom. Each layer was spread on canvas and the 
roots separated from the soil and from the crown. (Table 11.) The 
trees that received no nitrogen had more roots by weight in the 
upper 7"inch layer. This layer was filled with very fine roots quite 
imiformly distributed. In rims receiving similar treatments the 
wekht of the roots in the top layer was approximately the same 
under sod and under tillage. In the second: layer (7 to 21 inches) 
th^re were more of the larger roots, and a larger proportion nearer 
the Jims. In this layer the trees receiving nitrogen had many more 
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roots than those not receiving it; among the latter the tilled trees 
had a larger quantity of roots than the untilled. 

The roots from 21 inches down to within 2 or 3 inches of the 
bottom were mainly of finger size. Many of these were against the 
rim. Near the crushed limestone the fine feeding roots again became 
prominent. 

Table 12 gives the total weight of the roots for each tree. When 
the tops of the trees were cut off, each main branch was removed 
separately and its diameter and weight recorded. Table 13 gives 
the total of these weights for each tree. Comparing these for root 
weight and top weight, we find a rather close agreement. All but 2 
of the 12 trees highest in root weight are also among the 12 highest 
in top weight, and all but 2 of the 12 lowest in root weight are among 
the 12 lowest in top weight. Two trees not receiving nitrogen are 
among the highest 12 in root weight, and 1 receiving nitrogen is 
among the lowest 12. One tree of the highest 12 in top weight 
received no nitrogen; none of the lowest 12 received any nitrogen. 

Table 11. — Distribution oj apple-tree roots as measured by average weight per tree 
at different ground levels 


Crown 

0 to 7 

710 21 

Holow 21 . 


i Weight (grams) of root? from trees 
i that recelvcti - 

Depth from surtacc (inche,.) ' ' ‘ Xh wn ■ ■ 


Soil 1 

Tillage | 

Sod 

1 Tillage 

1 , 576 

2. ftfty ‘ 

2,741 

3, 000 

1,828 . 

2.101 ’ 

1,067 

1 1.018 

1, 723 

•t.ofto ! 

5, 3tH) 

6, 531 

L.WJ 

1,M9 ' 

2. 29ft 

2, 672 


Table 12. — Total weight of apple-tree roots at digging time 


Ttow 


Xo. I 

Xo.2.. 

Xo. 3 

No. 4 

Xo. .'i. 

Xo, 0., 

Xo. 7 


! i Weight (grams) of routs of trw?s ; Weight (grams) of roots of trees 

; , , ! ill sod rim iiidic-oted in tillage rim indicated 

1 Treatment : . . 

„ ' I I . I i' . ‘i 



F i E 

D 

Average i C 

li 

A 

.\vcragp 

P 

6, 72ft { 7, 895 

7,450 

7,357 12.275 

13,175 

11. 135 

12, 195 

N 

11,845 ! 10,:166 

10 , no 

10.774 10,300 

14.80.5 

13,042 • 

12, 716 

X, P, K 

9,420 ! ]3,0>10 

16, 915 

1.3,125 12,395 

13,075 

13,315 1 

13, 128 

Check 

.').21,'» ; 9,9.50 

7, 350 

7, .505 • 10.870 

1 1. 790 

9, 140 i 

J0,6(X) 

P, K 1 

8. 195 ; 8, 325 

6, 815 

7,778 10.095 

7, 930 

8.615 ' 

9, 080 

X, K i 

9,935 . 11,090 

10, 610 

10,545 : 11.700 

10, 705 

10 , no ; 

10,8.38 

N. I* 

9,905 i 11,950 

12. 730 

11, .528 13.075 

12,260 

11.275 1 

12,203 


Table 13. — Weight of apple-tree lops at digging time 


Row 


Xo. 1 .... 

Xo. 2 

Xo. 3... . 

No. 4 

Xo. ft 

Xo. (1 

No. 7.... 


Treatment 


V. 

X 

X. P. K 

Cheek 

V,K 

N, K 

N, P 


. Weight (grams) of tops of trees 
ill sod rim iiidicoted 


Weight (grams) of tops of trees 
from tillage rim indicateil 


7, 745 
12,900 
9.710 
4. lUft 
0, 78ft 
11,330 
J3. 685 


E 

0, 710 
9,68ft 
13,960 
7.510 
7, 550 
11,670 
13,980 


D 

Average ; 

C 

B 

A 

.Average 

9,495 

7,983 1 

10,270 

16, 300 

10,410 

12,327 

12,410 

11,685 ! 

10,490 

21,205 

16, 875 

16, 190 

26, 910 

16, 860 1 

13. 820 

17, 215 

17,655 

16, 230 

7,625 

6,443 1 

9. 715 

9.660 ; 

9,210 : 

9, 538 

6,790 

7,042 1 

11). 9.50 

7. 230 1 

10. 960 . 

9,713 

14,410 

12,470 j 

J 1. 765 

J 1, 680 1 

10, 570 

n,.33S 

17,265 

^ 

14. 977 j 

13. 4.55 

16,5.50 

13,360 

14, 4.5.5 


The significance of gains or losses is more apparent from an inspec- 
tion of Table 14, which gives the combined top and root w^eight for 
each tree. A study of the distribution of the heaviest trees shows that 
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all but 1 of the first 12 received nitrogen. The roots of this tree, B-l, 
probably escaped from the rim in 1926, which may account for the 
^eater growth of this tree. Eight of the highest were in the cultivated 
half of the area. The twelfth lowest tree received a complete fertili- 
zer; the other 1 1 lowest trees received no nitrogen. Ten of the lowest 
12 were in sod. 

The criticism may be made, with justice, that in combining trees 
of two ages in the same ranking the younger trees may be handicapped. 
The younger trees planted in 1923 were nearly twice as heavy at 
planting as those planted in 1922. Their growth was very- satisfac- 
tory during the preliminary period. There are some indications that 
the rims checked the growth of the older trees during 1927 to an extent 
sufficient to permit the younger trees to gain on the older ones, but 
not to catch up with them, especially in the sod block. None of the 
sod trees ranlang highest in Tables 12 and 13 was in the younger 
group. 

The fact that there arc trees of two ages in each treatment does not 
affect the results when Student’s method is used in determining the 
significance of gains or losses; by this method, trees of the same age 
standing side by side are compared. Table 15 shows the odds of the 
si^ificaricc of the gain of one treatment over another both foj- the 
whole row and for those parts in sod and in tillage, based on the total 
weight of tops and roots. 

Tablb 14 . — Total weights of apple-tree tops and roots at digging time 


! WoiRlit (Rrams) of tm? tops mid ! Woinlit Cirranis) of tree toils and 
! roots in sod rims as indicated ; roots in tillage rims as iudicated 


KOWS 

iToaimeni 

1 F E 

I> 

Average; C 

j 

R 

A ■ 

Average 

No. 1 

P 

1 14,470 14, 00.5 

16, 945 

15,340 : 22, .545 

29, 475 

21, 545 

24, 522 

No. 2. 

N . 

-• 24,805 *20,0.51 

22,520 

22,459 20, 7W 

36, 010 

29,917 

2s, 90G 

No. 3 

N. P, K 

-i 1», 130 27, (KK) 

43,82.5 

29,985 1 26,215 

;9),800 

30, 970 

, 29, 35s 

No. 4 1 

! None 

. .i 9,410 , 17,400 

14,97.5 

13. 948 ! 20, 615 

21,450 

18, 350 

' 20, 138 

No. 5 ! 

1’, K 

J 14,980 i 15,875 

13, 605 

14,820 i 21,645 

15, 160 

19, 575 

18, 793 

No. 0 1 

N, K... 

. , 21, 205 , 22, 760 

25,020 

23, 015 ' 2.3, 405 

22,385 

20, 680 

i 22, 177 

No. 7 ! 

N. P — 

. . 23, 590 . 25, 930 

29,995 

26, 505 i 26. .530 

28,810 

24,035 

j 26, 058 


Table lb- -Influence of treatment on total weight of apple trees expressed as odds 
that one treatment is better than another 


Relative order of ooiitrastod treatments 


Row^ 1 f P) better than iw 4 (none) 

Row 2 (N) better than row 4 (none) 

Row 3 (N, r, K) bettor than row 4 (none) . 
Row 4 (None) better than row fi (P, K).. 

Row 6 (N, K) better than row 4 (none) 

Row 7 (N, P) better than row 4 (none) 

Row 1 (P) better than row .'i (P, K) 

Row 2 (N) better than row 6 (N, K) 

Row 3 (N, P, K) better than row 7 (N, P). 

Row 7 (N, P; better than row 2 (N) 

Row 3 (N, I*, K) better than row 6 (N, k) 
Row 7 (N, P) better than row 6 (N, K).,. 

Bow 3 <N, P, K) better than row 2 (N) 

Row 2 (N) better than row 1 (P).. 

Row 2 (N) bettor than row 6 (P, K) 

Row 7 (N, P) better than row 1 (P) 

Row 6 (N, K) better than row 5 (P, K)... 
Row 8 (N, P, K) better than row 6 (P, K), 
Bow 7 (N, P) better than row 6 (P, K) ... . 


'J'illage 

rims 

Odds for- 

Sod rims 

Rotli 

Icombinod 

13-1 

2-1 

8-1 

KM 

12-1 

98-1 

43-1 

14-1 

150*1 

21 

» ].<M 

1. 2 1 

28-1 

45-1 

69-1 

11-1 

77-1 

893-1 

5-1 

1.6-1 

7-1 

; 6-1 

* 1. 5-1 

5-1 

! 6-1 

2-1 

6-1 

*4-1 

0-1 

1. 7-1 

: 22-1 

4-1 

j 31-1 

' 42-1 

42-1 

1, 428-1 

: 1.2-1 

2-1 

4-1 

4-1 

41-1 

! 105-1 

7-1 

40-1 

j 74-1 

6-1 

168-1 

i 199-1 

8-1 

62-1 

i 142-J 

2:J-1 

9-1 

, 99-1 

i 16-1 

69-1 

i 566-1 


» Oomp-vison is reversed. 
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By including the six trees receiving coiiiinon treatment under both 
sod and tillage in a single plot, as shown in the last column of Table 
15, all plots receiving nitrogen alone or in combination made signifi- 
cant gains in total weight of tops and roots over the untreated plot; 
while phosphorus alone or in combination with potassium failed to 
give significant increases over the untreated plot. 

RELATIVE VALUE OF PLANT FOODS 

There are six cases in Table 16 in which nitrogen, cither alone or 
in (;ombination with other elements, may be compared with non- 
nitrogenous fertilizers (N r. P; N r. P, K; N, P v. P; N, K v, P, K; 
N, P, K V. P, K ; N, P P, K). In everv case the gain from the use 
of nitrogen is significant when the results with sod and tillage are 
combined. 

In the three comparisons wdiich difl’ered only by the presence or 
absence of potassium (P v. P, K; N N, K; N, T v. N, P, K), the use 
of potassium resulted in no significant increase in total weight. 
AVlieii these three treatments were (‘ombined, making 18 pairs that 
difler only in the ])resence or absence of potash, there was still no 
significrant difference in weight. 

In the three comparisons in which phosphoi-us w^as the variable 
(check r. P; N r. N, P: N, K r, N, P, K) it was only when the phos- 
])horus was added to the other two elements that a significant gain 
was secured. AVhen nitrogen alone w-as added to each element 
phosphorus caused a much greater gain than the potassium (N, P i\ 
N, K). When the three phosphorous trcatinenls were combined in a 
singl(‘ comparison, the 18 paii-s in sod and tillage together gave odds 
of SJ to 1 that there was a significant increase in the case of the tn^es 
jecciving jdiosphoriis. 

Past experience has emphasized the importance of studying any 
fertilizer combination under both sod and tillage separately. When 
this comparison was made with the trees in the rims, the number of 
pairs available was reduced from six to three. In general, the use of 
smaller numbers makes it necessary to obtain larger differences in 
order to sec me the same signifi(‘ance for gains or losses. 

AVhen only the three trees w^re compared, the N, K treatment 
showed practically significant gains as contrasted with the untreated 
trees under both sod and tillage; the N, P treatment gave a signifi- 
cant gain over the untrc’iated trees under sod only; and the N, P, K 
treatment compared to no treatment was significantly dilferent only 
under tillag(^ The use of nitrogen alone failed to produce significant 
increases in either sod or tillage. The high degree of variability and 
the small number of pairs available caused these decreased odds. 
This was particularly true in comparisons involving tree D-3, the 
large weight of which led to such a high standard deviation in this 
block that the odds were seriously decreased. On the other hand, 
the trees in the row receiving the N, K treatments were very uniform, 
and comparisons with this row often gave high odd^s. 

The six cases in which nitrogen was compared to noiinitrogenous 
fertilizers gave significant increases w’^hcii the results from sod and 
tillage were combined; but when these were separated, the only 
significant increases observed were where nitrogen was used in sod. 
Even here the use of a complete fertilizer failed to show a significant 
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increase over the combination of phosphorus and potassium. This 
failure, again, was probably due to tne abnormal performance of 
tree D~3. 

These results are very similar to those secured under field conditions 
with this same soil (/, :^). In a study of contrasting fertilizer treat- 
ments carried on for 21 years in a cultivated orchard it was found that 
the results from plots treated with phosphonis and potassium were no 
better than those from untreated plots ; but when nitrogen was added 
to phosphorus alone or to both phosphorus and potassium there was 
an increase in cover-crop growth, tree growth, and yield. It is 
probable that the better returns from phosphorus alone in the rims as 
compared to the P, K treatment in the field are due to the higher 
organic content in the rim soil where either a sod was grown or a 
considerable quantity of chopped lye added. 

WEIGHT OF FRUIT 

As soon as the buds began to unfold in 1926, it was apparent that 
some of the older trees were carrying a considerable number of blossom 
clusters. These were more numerous on the most vigorous trees. 
Since permitting trees of this age to mature a crop might check their 
growth to such an extent as to influence the final results, all blossom 
clusters were removed in the early pink stage. Table 16 shows the 
number removed from each tree. 

When the buds began to open in 1927, many of the trees were over- 
loaded with bloom, and the blossom clusters were accordingly thinned 
to a stand approximately 6 inches apart, by pinching out the excess 
blossom clusters as soon as they were sufficiently expanded to be 
reached easily. Table 16 shows the number of clusters removed. 
It should be remembered that the outer rows of trees were a year 
younger than the inner four. „ 

Table 16 . — Blossom clusters removed from apple trees in 1926 and 1927 
BLOSSOM CLUSTERS REMOVED, 1926 


Row 

No. 1. 

No. 2 

No. 3 

Treatment 

Number of blossoms 
removed per tree in 
sod rims indicated 

Number of blossoms 
removed per tree in 
tillage rims indicated 

K 

E 

D 

C 

B 

A 

P 

N 

N, P, K 

0 

0 

3 

0 

0 

0 

0 

227 

0 

0 

70 

42 

0 

21 

98 

0 

0 

32 

96 

2 

17 

114 

0 

10 

7 

87 

0 

50 

175 

5 

9 

9 

2G4 

11 

4 

46 

1 

9 

1 

2 

No. 4 

No. 5 - 

No. 6 

Nbiui 

P, K 

N, K 

No. 7 

N, P 



BLOSSOM CLUSTERS REMOVED TO THIN TO 6 INCHES, 1927 


No. 1 

p 

0 

0 

0 

118 

50 

132 

No. 2 

N 

0 

123 

340 

113 

242 

118 

No. 3_.- 

N, P, K 

166 

500 

577 

500 

542 

i 395 

No. 4 

Nono ^ 

0 

0 

0 

0 

0 

: 82 

No. 6 - 

P, K . . 

0 

0 

0 

200 

75 

84 

No. 6 


0 

809 

270 

335 

275 

1 0 

No. 7 

N, P 

173 

852 

GOO 

722 

830 

237 
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Table 16 shows that trees under tillage blossomed somewhat 
earlier and considerably more heavily than trees in sod receiving the 
same fertilizer treatment. The growth records also show how closely 
in this instance blossoming was related to tree vigor. It is probable 
that this growth relation is the cause of the decreased blooming of 
trees in the sod, and also of the greater bloom on trees receiving 
nitrogen and phosphorus. 

Table 17 gives the total weight of fruit on the trees in 1927. Because 
of the irregular water supply, most of the fruit dropped to the ground 
just as it was maturing. The weights given include the drops. The 
rank in fruit yield is not quite the same as in the number of clusters 
removed in the spring. Part of the irregularity is due to some rather 
severe spray burning that injured the clusters which were left. For 
this reason, and because the record is for a single year only, not much 
importance should be attached to yields in interpreting the results of 
this experiment. In general, it may be said that the trees receiving 
nitrogen and phosphorus and those receiving nitrogen, phosphorus, 
and potassium bloomed most heavily; but that the trees receiving only 
nitrogen or nitrogen with potassium made a relatively heavier set 
of fruit. 

Table 17 . — Total weight of apples picked and dropped from trees f 1927 


Kow 

No. 

Treatment 

Weight of fruit (grams) from trees in 
sod rims indfeated 

Weight of fruit (grams) from trees in 
tillage rims indicated 

F 1 

E 

l> 

Averngp 

C 

B 

A 

A verapp 

1 

!• 

230 ! 

0 

0 

77=fc 42 

590 

soo 

7. 240 

2, S77=t 1,203 

2 

N 1 

1,200 ! 

5, 590 

6. 305 

4,052:h 771 

1,880 

9,000 

4, S05 

5, 268=bl, 148 

3 

N, P. K 

1,230 1 

2.2S0 

7, 415 

3,642:tl,053 

910 

0. 375 

5, 750 
320 

4,346± 9.52 

4 

None ... . 

0 ; 

0 

0 

0 

0 

ISO 

]67± 12 

Ti 

P, K . . . . 

; 

0 

0 

0 

3,880 

1,710 

1. 5:to 

2,373db 410 

(i 

N.K 

440 

9, 930 

9, f>5() 

R,673:lr 1,001 

5,220 

5, 185 

2, 000 

4.355* 467 


N, P 

080 

225 

4.730 

l,978dr 708 

2,340± 006 

7, 131) 

2, 2:iu 

7,883 

5,748* 977 

3,590± 455 


CORRELATIONS AMONG GROWTH AND YIELD RECORDS 

There are close correlations among the growth ineasuromeiits. The 
treatments which gave the most branch growth also gav(j the largest 
trunk diameters and the greatest weights of the trees. Likewise, the 
individual trees showing the most branch growth also showed the 
largest trunk diameters and total weights. 

Table 18 gives the correlations among the growth measui-ements 
studied. In each case the correlation is veiy high, over 0.8. The 
high correlation of the various powth measurements with trunk- 
diameter measurement is especially important because of the fre- 
quency with which this measurement is used as an index of grow th in 
orchard experiments. Furthermore, the increase in trunk diameter 
during the period of fertilization is closelv correlated with branch 
elongation during the same period. A study of the correlations wdth 
weight, which must be taken as the absolute measurement of growrth, 
shows that both top weight and total weight are closely correlated 
with trunk diameter, and top weight is just as closely correlated with 
branch elongation. 
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Table 18. — Correlations oJ apple-tree growth records 


MeHSureinents correlated 


Trunk diameter with total weight. 

Tnmk diameter with weight of tops - 

Trunk diameter with total branch elongation 

Trunk diameter increase, 1H24 to 1U27, with branch clongatit.n, 1025 to 1027. 
Branch elongation with weight of tops-. — 


Torrelation* 


0.87±0.025 

S8± . 023 

..... .8»±.032 

.87^.026 

88± .023 


« In biometrical studies a correlation fector of over 0..5 is considered certain correlation, provided that 
the correlation factor is over six times the probable error. If the correlation factor is less than 0.3 or is 
less than six times the probable error, there is no evident correlation. 


Table 19 gives the correlations of yield and blossom records with 
the growth measurements taken. It is not safe to generalize on the 
basis of the yields of one year. As the records stand, the correlations 
of yield with growth measurements are not nearly so high as those of 
the growth measurements among themselves. Yield is most closely 
correlated with total weight; even here the correlation is only 0.55, 
which figure compares unfavorably with correlations of more than 
0.8 among the growth records. 

Table 19. — Correlations of apple-tree yield and blossom records with growth records 


Iteni.s corrchited 


i rorrelnfitm 


Yield with trunk diameter 

Yield with total weight 

y iold wit h weight of tops 

Yield with total branch elongation . 

Yield with brunch elongation, 192.'5 to lil27 

Y'ield with branch elongation of 1920 

Y'ield of nitrated trees with 1926 branch elongation of nitrated tree.'i 

Yield with 1927 branch olongHlioii 

Yield of nitrated trees witii 1927 branch eloogutiou of nitrated trees. . 

Y^ield with blossom ciiLsters removed, 1927 

Blossom clusters rotiioved, 1927, with total weight— 

Blossom cliwtens removed, J927, with weight of toiw 

Blossom clusters removed, 1927, with trunk diameter 

Blossom clusters removed, 1927, with total branch elongation 

Blossom clusters remove*!, 1927, with branch elongation, 1925 to 1927 


■ l). 48 989 

. , .55 ±.072 
.. .53 ±,075 
. . i . 46 ± , US3 
...• .38 ±.089 

..j . 2 s±.ojm 

.. I .16 ± .130 
.24 ± .098 
047± .137 
J .42 ±.08(5 
. . . ! , .57 ± . 070 
. ' . .56 ± . 071 
. 58 ± . 060 
. j . 62 ± . 0(i4 
. 36 ± . 091 


There is little or no evidence of correlation betweem yield and branch 
growth of the previous year or of the same year. Since the 1 927 yield 
show's a fair correlatioii with total branch growth, but not with the 
growth of 1926 and 1927, the correlation must be with the earlier 
growth. The roots of those trees that made a good growth during 
the early years probably had so completely occupied the soil of the 
rims that by 1926 root crowding had begun to check their growth. 
The checking of growth of these vigorous trees created the right con- 
ditions for fruit production. 

There is a rather low correlation between the yield of 1927 and the 
number of blossom clusters removed in order to thin them to 6 inches. 
Spray injury probably accounts for some of this low correlation. The 
thinned cliik^ers were proportional to the actual number of clusters 
present on the tree. The naiinber of clusters removed gives a fair 
correlation with total tree weight, which is also the measurement 
showing the highest correlation with yield. The number of clusters 
removed shows an even greater correlation with total branch elonga- 
tion, though not with branch growth during the period of fertilization. 
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Thus it scorns that the amount of bearing surface, as indicated by 
total branch growth, is an important factor in blossom production. 

SUMMARY AND CONCLUSIONS 

The use of metal cylinders or rims as a means of studying the effect 
of different fertilizer treatments on apple trees proved valuable in 
hastening the fertilizer responses. 

The escape of roots from certain rims increased the variability in 
the growth of the trees, and consequently decreased the accuracy 
with which the results could be interpreted. However, this decreased 
accuracy did not destroy the value of the results. 

There is a very high correlation — over 0.8 — among the growth 
factors studied, namely, weight of tops, weight of roots, trunk diameter, 
and branch elongation. The studies of blossoni production, yield, and 
tree growth indicate that blossom production is most highly correlated 
with total branch elongation and bearing surface, but that, in these 
trees, yield has a somewhat lower correlation with tree growth. The 
quantity of fruit produced is only partly dependent on the xiumber 
of blossoms. 

In general, the results from the use of fertilizers confirm the results . 
of previous research in the orchard. Sod, without the addition of 
nitrogen, checked the growth of the trees veiy seriously, even when 
potassium and phosphorus w'ere applied. However, when nitrogen 
(expeciaily nitrogen in combination wdth phosphorus) was applied to 
trees growing in sod, the growth was nearly as good as that of cul- 
tivated trees re<*eiving the same fertilizer. 

Trees that were cultivated but received no nitrogenous fertilizer 
were not as vigorous as those that w'ere cultivated and also received 
nitrogen. 

Wluui ])hosi)horus alone was aiqilied to trees growing in sod, th(‘ 
growth was iioti(*eably greater than that of the untreated check. The 
addition of ])hosphorus to nitrogen did not produce a definitely better 
growth than nitrogen alone; but when phosphorus was added to 
nitrogen and potash, in sod, grow th increased. 

The addition of potassium to nitrogen or })hospliorus or to both did 
not modify the growth of the trees but may have increased the setting 
of the fniit. 
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THE EFFECT OF YEAST AND CASEIN SUPPLEMENTS TO 
CORN AND SOYBEAN RATIONS WHEN FED TO RATS 
AND SWINE 1 

By Charles L. Shrewsbury, Associate Chemist, Claude M. Vestal, Associate 

in Animal Husbandry, and Sigfred M. Haugk, Research Associate in Biochem- 
istry, Purdue University Agricultural Experiment Station 

INTRODUCTION 

One of the problems of the corn-producing area has been the inade- 
quate supply of efficient protein concentrates for livestock. Because 
of an increasing acreage in soybeans (Soja max), in the Middle West, 
this seed has received attention as a possible protein supi)lement 
for corn in animal rations. A large number of feeding experiments 
with farm animals in which soybeans or soybean products were used 
have demonstrated the feeding value of this concentrate. In general 
the impression is created that soybeans, at least in the raw condition, 
have a limited supplementing value in rations for certain classes of 
livestock. 

The analyses of Street and Bailey (7)^ show the soybean to be 
high in protein and fat and low in ash and carbohydrates. The 
protein values found in these analyses ranged from 36.8 to 45.5 per 
cent. 

The hi| 2 :h protein content of soybeans led Osborne and Mendel ( 4 ) 
to investigate their biological character. They fed corn gluten and 
soybean meal to rats and found that w'hen the meal furnished 4.5 
per cent protein in combination with 11.4 per cent protein from corn 
gluten satisfactory growth resulted. They attributed the supple- 
menting action of soybean protein to its content of lysine and tryp- 
tophane, which arc lacking in corn gluten. 

Osborn and Mendel (5) also investigated the soybean as the sole 
source of protein for the rat and reported that when the diet was 
complete in other respects it w^as adequate for normal growth. They 
found that soybeans furnished a fair supply of ‘‘fat soluble vitamin” 
and an adequate quantity of ‘^water soluble vitamin.” However, 
their data indicated that soybeans w-ere deficient in mineral matter, 
especially calcium and chlorine. They also noted that soybeans 
were not readily consumed by rats, presumably because of the dis- 
agreeable taste they possessed. 

The analyses of Jones and Waterman {3) and Daniels and Nichols 
(f );show soybean protein to contain a variety of amino acids, some of 
which are essential for powth. Jones and Waterman reported a 
tryptophane content of the soybean protein glycinin as 1.37 per cent 
and of lysine as 9.06 per cent. 

It appears, then, from chemical and biological analyses that soy- 
beans should be a good supplement for protein-deficient grains in 
livestock rations. 

i Received for publication July 22, 1031, issued April, 1932. 
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EXPERIMENTAL PROCEDURE 

Rats and swdne were used as experimental animals in this study. 
The rats were selected from the stock colony at 24 to 30 days of age, 
at which time they generally weighed between 35 and 45 g. They 
were quartered in a steam-heated animal house in individual false- 
bottom wire cages. A modified McCollum feed cup was used, and 
the food consumed was determined weekly. Two male and two fe- 
male animals constituted a test group. Each ration was tested on 
at least three groups. All the rats used in the exx^eriments received 
daily irradiations from a quartz mercury vapor lamp for 14 minutes. 



Pkuibe 1.— Growtli of rats on various oviterimontal ratious. Slow growth was obtniiiod on tho 
cor n-soybean-m inoral rati<m No. r>fi. Increasod growth was apparent on rations l'I7 and I2><. in 
whicli & and 2.2.'> per cent casein protein had l>eon added to the basal ration. When the .soybeans 
in rations 127 and 128 wore ropiucod liy corn, h.s in Nos. 120 anrl 130, growth improved still further. 
Growth wa.s also observed when the soybeans of the basal ration wore cooked, as In No. ISf). See 
Table 1 for composition of the rations 

Distilled water was kept before them at all times and was fresh daily. 
The length 6f the experimental period was 10 weeks. 

The pigs were quartered in dry lots at the experimental swine farm. 
Each test lot contained 10 pigs of comparable age and weight. The 
pigs were all either high-grade or purebred Duroc Jersey stock raised 
on the swine farm. These animals were weighed at 10-day intervals. 
Food consumption records were obtained from each lot. The experi- 
mental period was 70 days. 

The basal lation (ration 56) had the following composition: Yellow^ 
corn, 84 per cent; soybeans,^ 14 per cent; salt mixture/ 2 per cent. 

The experimental rations differ from No. 56 by the substitution of 
protein concentrates and vitainin B carriers for a part of the corn- 
soybean mixture. In some trials the soybeans were cooked and in 
others they were left entirely out of the mixture. 


* Mfltidiu variety, 

* Composed of limestone 100 ports, special steam bone meal lOO parts, salt 10 parts. 
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EXPERIMENTAL RESULTS WITH RATS 

GROWTH ON A PROTEIN-DEFICIENT DIET 

Inspection of Figure 1 shows that growth on the basal ration 
(No. 56) was slow. This siibnomial rate of gain was obtained in 
13 trials on this ration. In no instance did any group of animals in 
this series approach satisfactory growth. The average total gain 
per animal was 63.7 gm. for the slovrest growing lot and 121.5 gm. for 
the fastest. 

Marked variation in individual growth rates occurred, w^hich is an 
indication of an inadequate diet. A few individuals grevr at a fairly 
rapid rate, although the majority gained slowdy. These results show^ 
beyond question that the basal ration is inadequate for satisfactory 
growth of rats. In attempting to determine the cause of this inadc- 
(juacy the protein moiety of the mixture was studied. Since the 
introduction of a larger proportion of soybeans in the ration w^ould 
render it less desirable for swdne, because of the tendency of soybeans 
to form soft pork, this (ionstituent wuis not increased in these trials. 
Ilow^ever, in earlier work a quantity of soybeans furnishing an addi- 
tional 5 pel* cent of crude protein was aided to the basal mixture 
without favorable results. 

Previous work with rats indicated that the ration might be de- 
ficient in total protein. It is generally believed that rations cariying 
less than 14 to 15 per cent of protein are deficient; the experience of 
the writers, however, docs not entirely confirm this vicw\ By feeding 
corn and casein diets with a protein level of only 13.6 per cent excel- 
lent growth was obtained. (Fig. 1, ration 129.) Moreover, a large 
number of swine rations containing less than 15 per cent protein 
produced satisfactory results. Nevertheless, it seemed that the basal 
ration could be improved by the addition of protein. Then, too, there 
might be some qualitative deficiency in the mixture that could be 
corrected. Studies were instituted with this in mind. 

GROWTH ON A DIET WITH PROTEIN ADDITIONS 

111 the earlier work, tankage, meat and bone scrap, and casein were 
used as supplements. These were found to have a fairly comparable 
nutritive value, but since casein gave slightly better results it was 
selected for the wnrk reported here. The (casein was incorporated in 
the corn-soybean-mineral ration in amounts furnishing 2.25 and 5 
per cent of crude protein. Table 1 gives the protein content of the 
rations. 

Table 1. — Composition of experimt^nial rations 


Ration No. 

Yellow 
corn j 

Casein 

Yeust 

4\iiiicrMJ 

.\o. G , juolcin 


Per cent ! Per cent j Per cent 
S4. 0 1 14. 0 1 

Per cent 

Per cent 

Per cent : Per cent 
2.0 1 13.1 

2.0j 17. r> 

2.0! 

2. 0 ■ 13. 6 

2.0: 1J..3 

2.0 i 14.6 

2. 0 ; l.S. 7 

2.0 16.71 

2.0 13.4 



127.... 

78, .3 ! 13. 6 i 

0.7 

3.0 

6.7 

3.0 

6.7 

3.0 



12K 

81.4 1 1.3.6 ! 

129 

91.3 1 1 


ya .0 i i 

'.i'o 

3. 0 
3.0 

131 

132 

133 

13.1 

81.4! 13.6 ■ .. 

7fl.B 12.7! 

78.8 1.3.2= 

84.0 ..j 14.0 






0 Cookod in steain until soft, and dried. 

* Minerai mixture No. 9: limestone, 100 pfirt-s; special steain bone meal, 100 parts; salt, 10 parts. 
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Reference to Figure 1 (rations 127 and 128) shows a marked in- 
crease in rate of gain when either the high or the low level of casein 
was employed. Since more favorable growth residted from the use 
of the higher level of casein it would appear that, in part, the quan- 
tity of protein was an important factor. 

The question arose as to whether the increased growth exhibited 
by the animals on the lower level of casein was due to a true supple- 
menting action of casein for soybean protein, or to a building up of 
the totSi protein content of the ration, or to other factors. In order 
to determine this point animals w^^ere placed on a ration of com and 
mineral, with casein furnishing 2.25 per cent protein. (Ration 130.) 
Here the soybeans of ration 128 were replaced by an equal amount 
of corn. If the favorable response that was obtained by the use of 
ration 128 (composed of corn, soybeans, casein, and mineral) was due 
to a supplementmg action of casein for soybeans, then growth on the 
modified ration (No. 130), in which soybeans were replaced by corn, 
should be at a slower rate. The results of this trid, presented in 
Figure 1 (rations 128 and 130), show that the growth of the animals 
was as good when soybeans were omitted as when they were present, 
and in some instances even better. The same results were obtained 
when soybeans were replaced by an equal amount of corn in the ration 
containing the higher level of casein protein. (Ration 129.) 

There is no evidence from these e^eriments that soybean protein 
was supplemented by the addition of casein. It appears that the 
protein of soybeans is not utilized above a certain point, owing pos- 
sibly to factors contained in the soybean, the nature of which is not 
known. That is, when casein was added to the basal corn-soybean 
mixture better growth resulted probably not because the ration was 
qualitatively or quantitatively different from the original ration but 
rather because the nutrients of casein were utilized readily to supply 
the deficiencies of corn, whereas those of soybeans were not utilized. 

Although casein supplements com alone, it is indicated from these 
experiments that in so far as improving the utilization of soybeans 
in combination with corn is concerned, the addition of casein pro- 
tein, as a supplement, is of questionable value. 

GROWTH ON DIETS CONTAINING COOKED OR UNCOOKED SOYBEANS 

Since the work did not reveal a qualitative inadequacy of soybeans 
but rather an inability of the animal organism to utilize the potential 
nutritive value in them, it was decided to process the beans in several 
ways before feeding. The work described is concerned with heating, 
especially cooking. 

Osborne and Mendel {3) in 1917 showed that cooking improves the 
feeding value of soybeans for rats. Later, Robison (6) fed cooked 
undried soybeans to hogs as a supplement to corn with very satis- 
factory results. It seemed desiraole to study the effect of cooking 
in more detail. 

Soybeans were cooked by passing steam through them until they 
bwamo soft. Then they were rapidly dried to approximately their 
original moisture content.® Soybeans prepared in this manner were 

f Ctipking and drying were done by the agricultural engineering department. 
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incorporated in the feed in the same ratio as the unprocessed beans. 
The results are presented in Figure 1. (Ration 135.) 

Ration 135, containing cooked soybeans, has a crude protein con- 
tent of 13.4 per cent. For comparative purposes reference may be 
made to ration 1 29, containing approximately the same protein con- 
tent derived from com and casein. 

Growth on the cooked soybean ration was definitely super itn* to 
that obtained with raw soybeans. Moreover, it compared favorably 
with that obtained by feeding a ration of corn and casein of about 
the same protein level, although the latter combination was somewhat 
superior. These results point to the conclusion that soybean protein 
is not deficient from a qualitative standpoint. 

Investigations are being made to determine the cause of the improve- 
ment in the nutritive value of soybeans brought about by heating. 
It is unlikely that any of the major food constituents are cliangcd in 
a ([ualitative manner. In an earlier paiier® it was shown that the 
digestibility of the ration is not changed by cooking. Although the 
explanation of the greater nutritive value of cooked soybeans is not 
clear at this time, there is some reason for believing that certain 
materials of a toxic nature are removed or destroyed during the 
heating process. 

C.ROWTH ON A DIET WITH YEAST ADDITIONS 

In earlier tiials tlie writers tried to improve growth by the addition 
of dried brewers’ yeast to the ration on the assunqition that it was 
deficient in the vitamin B complex, especially in the growth-promot- 
ing factor. The results of this study were so varied as to preclude 
the drawing of any definite conclusions. Osliorne and Mendel (S) 
found soybeans to be an adequate source of ^4he water soluble vita- 
min.” vSo far as the waiters arc aware, no experiments have been 
reiiorted that demonstrate the relative amounts of vitamin B (B^) 
and vitamin G (B 2 ) in soybeans. The writcTs have found ' that a 
purified ration, complete except, for vitamin B, must contain at least 
12 per cent of soybeans in order to produce small weekly gains in the 
weight of rats. Since corn is rich in the antineuritic vitamin B (Bj) 
and poor in the growth-promoting factoi* (Bo), there is no i-eason 
to believe that the ration used by the waiters is deficient in the anti- 
neuritic vitamin, although it might be deficient in the grow'th-pro- 
moting factor. The work herein deals with the addition of 3 per cent 
yeast to the basal mixture, and the same supplemented with 2.25 
and 5 per cent protein from casein. The results are presented in 
Figure 2. 

The addition of yeast to the basal mixture consistently caused a 
slight but definite improvement in growth. (Ration 131.) How- 
ever, the improvement was not great enough to be considered satis- 
factory. From the standpoint of improving corn-soybean rations 
it was concluded that yeast is of little, if any, value. 

When yeast was added to rations containing casein the results wore 
again irregular, confirming results obtained by the w^riters in earlier 
experiments. 

• Shkbwbbttry, C, L. the nutritive value ok soybeans, the effect of heat. I’nper road before 
the Amer. Chein. Soc. Annual Meeting, Indianapolis, 1931. 

7 Unpublished data. 

109285—32 6 
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of the rations described above were fed to swine. Table 2 gives 
the data obtained. 

The pigs weighed about 32 pounds at the beginning of the experi- 
ment. In earlier experiments heavier pigs were employed, but it 
was felt that more satisfactory information could be obtained in this 
study by the use of smaller animals. One of the writers ® (8) has 
demonstrated that 100 to 110 pound pigs thrive on corn-soybean 
rations in dry lot. Lighter pigs will ^row well on corn-soybean 

rations if allowed to forage leg- 



ume pasture, but these lighter 
animals do not make satisfac- 
toiy gains if fed in dry lot. 

Table 2 shovrs that the re- 
sults obtained mth swine were 
substantially the same as those 
described above for rats. The 
most striking feature of this ex- 
periment was the beha\rior of 
the lots on the basal coni-soy- 
bean-mineral ration (lot 1) and 
! that on the same ration pre- 
paied with cooked soybeans 
1 (lot 10). 

J The pigs fed the basal ration 
; grew very slowly (0.31 

per day). These animals were 
all in good condition at the 
beginning of the experiment, 
; but in a few weeks they be- 
came veiy unthrifty. The 
variability among individuals 


Figure 2.— (Jrowlh of rats on exi»erlinei\tal ratious to 
which yeast was added. Growth on ration 131 show's 
the efToct of adding 3 per cent dried brew'ers’ yeast to 
the basal diet; results should Iw compared with those 
for ration 50. Figure 1 . ( Irowth on rations 132 and 133 
shows the etTect of supplementing the basal diet witli 
3 ])er cent dried brewers’ yeast and with a per cent 
casein protein in the case of J32, and 2.2.5 per cent in 
the case of 133; results should t>e compBre<l with those 
for rations 127 and 12S, Figure 1 


was proIloun(^ed. Some gained 
fairly well but the majority re- 
mained almost stationary, and 
a few lost weight. The hair 
coat in this lot w^as poor 
and shaggy, and the animals 
were humped and thin. How- 


ever, when cooked soybeans 
replaced uncooked soybeans the situation was reversed. The pigs 
made an average daily gain of 1 pound and all were fat and had good 
coats of hair. Those that were smallest at the start grew rapidly and 
remained thrifty throughout the feeding period, while the smaller 
pigs receiving the raw soybean ration remained small and their con- 
dition became poorer as the experiment proceeded. 

While too much emphasis should not be placed on feed consumption 
in the case of these pigs, because of the tendency of all the groups to 
waste feed at the self-feeders, it is interesting to note the greater 
utilization of feed by the pigs on the ration containing cooked soy- 
beans. Although they made an average daily gain of more than three 


• Vestal, O. M., soybbaxs for hogs, Ind. Agr. Kxpt. Sta. Hog Summary Leaflet H-P. 1924, 
f Mimeographed.] 
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times that of pigs fed uncooked soybeans, they required only about 
half as much of feed to produce a unit of gain. 

Table 2. — Data obtained when the experimental rations were fed to swine 
['Pen pigs in each lot] 
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" Trt}>lc I for coniiio^iition of rations. 

Wh(»n casein protein was added (lots 2 and ;i) the gains were gnaiter 
than on the unsiipplemented ration. When ct>rn replaced soybeans 
in the rations containing casein (lots 4 and 5) the gains were as good as 
or better than those obtained with soybeans in the ration (lots 2 and 
3), comparing lots 4 and 2, and 5 and 8. Dried yeast (lot 6) did not 
improve the basal ration materially, and yeast additions to rations 
carrying high and low levels t»f (!asein (lots 7 and 8) jiroduced variable 
results. 

Jn general!, there wiis a high degree of correlation between the data 
obtained for swine and those obtained for rats. 

CONCLUSIONS 

A basal ration of corn, soybeans, and mineral is not adequate for 
satisfactory grow’th of rats under experimental conditions or for 
young pigs in dry lot. 

The grow^th of pigs and rats on coni-soyiiean rations can be 
improved by the addition of casein in amounts sullicienl to 2.25 or 
5 per cent protein. 

Although casein supplements corn alone, the addition of casein to 
(•orn-soybean rations w^as of no value in improving the utilization of 
soybeans. No evidence was obtained that casein protein supple- 
mented soybean protein. 

Cooked soybeans have a definitely superior nutritive value to raw 
soybeans, due to factors not apparent from these experiments. 
When cooked soybeans were used less feed >vas required to produce a 
unit gain in weight than when raw soybeans were used. 

The protein of cooked soybeans appears to have a nutritive value 
somewhat less than an equivalent amount of casein when combined 
with corn. 

The addition of 3 per cent dried yeast to rations of corn and 
soybeans did not improve the growth rate of the animals sufficiently 
to make it of economic value. 
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THE EFFECT OF ENVIRONMENT ON THE NEMATODE 
OF THE TOMATO GALL' 

By Linus H. Jones - 

Asfiistant Research Professor of Botany, Massachuscifs Agricultural Experiment 

Station 

INTRODUCTION 

Root knot lias been known to occur in the United States since 1805. 
Neal {11, j), 9) ^ stated that he found it prevalent in Florida in 1876 
and that “from time immemorial [it} had been dreaded as a foe to 
gardens and groves.” The range of the disease now extends from the 
Atlantic coast to the Pacific. The use of the glass house, in plant 
industry has brought the climale of the South to the Northeim States, 
and wherever this artificial climate is maintained root knot eventually 
occurs. 

The causal organism, a nematode (Heterodera radicicola (Greeff) 
Mull.),^ has been extensively studied in this country by Neal {It), 
Atkinson {1, 2), Stone and Smith {1^), Bessej^ {S), Godfrey and 
Morita {G), and Newhall {12), 

The purpose of the present papej- is to add to the general knowledge 
of the activity of the root-knot organism within the gall as influenced 
by temperature and moisture combined, moisture alone, desiccation, 
and decay of attached and detached galls. 

NATURE OF THE TOMATO GALL AND ITS NEMATODE POPULATION 

Nematode galls caused by Heterodera radicicola vary in size and 
form according to the nuniber and position of female nematodes 
present in them. On the root system of a single badly infected tomato 
plant the galls may range in size from one-sixteenth of an inch to 1 
inch in diameter and may be 3 inches long. The material used in 
the present investigation was obtained from commercial greenhouses 
in which tomatoes, cucumbers, and lettuce were grown. 

Tomato galls have a large preponderance of cortical cells. An 
examination of cross and longitudinal sections shows that the pressure 
of these cells has altered the direction of the conducting channels 
of the root system, even to the breaking point. Atkinson {!), Stone 
and Smith {i4)j and Bessey {3), who have made particular studies of 
such distortions, ascribe a considerable portion of nematode injury 
to this disturbance, and a small amount of injury to the feeding habits 
of the parasite. 

If a large nematode gall from a tomato plant is kept in a moist 
chamber for a few days the nematode population can be more easily 
examined. Wlien the gall is broken open a hand lens \rill reveal a 
great many female nematodes, which appear as small, more or less 

1 Keueivoci for publication July 0. lU3i: issiunl April, 1032. Published as contribution No. 122 of the 
Massachusetts Agrlcuiturol Exinsriuient Station. 

^ The author acknowledges his indebtedness to Prof. A. Vincent Osmun for his untiring interest in the 
progress of this investigation. 

a Ueferenco is made by number (italic) to Literature Cited p. 284. 

* Caconema is the genus proposed by Cobb as reported by Stiles (IS, p. in 1924. Because the 

root-knot organism ditfers in some respects from the true Heterodera as represented by the sugar-beet 
nematode (Heterodera echachtil Schmidt), Cobb believes the genera should be separated. H. radicicola 
(Greeff) MiUl. has, however, been the accepted name since 1884 (10). In 1872 Oreeff (7) called the root-knot 
nematode Annuilltbla radicicola and in 1889 Neal (11, p. t7) called it A. arenaria. 
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opalescent, pearlish bodies. On some of these bodies there is a 
brownish area which, when examined under the low-power lens of 
the microscope, is seen to be a mass of egj^s containing nematode 
embryos in all stages of development. Dark areas in the tissue of 
the gall, when examined with the low-power lens, show a mass of 
nematodes in all stages, ranging from tlie undiflerentiated granular 
egg to a female nematode in the process of enlarging to the pyriform 
shape that characterizes maturity. Galls in the last stages of decay 
actually teem with nematode life. 

Among the numerous forms of the root-knot nematode in a. single 
tomato gall, there appears infrequently a mature female that cor- 
responds to the brown cyst stage of the sugarbeet nematode, fletero- 
(leva schachtii. It contains a mass of eggs. iSpecumens of this form 
were identified by G. Steiner, senior nematologist of the United 
States Department of Agriculture, as females of the root-knot nema- 
tode. The existence of the cyst form has been denied by some inves- 
tigators, who ha ve made use of its apparent ru)ne\istence in separating 
the two species JI. radicicola and H. tichachtii. Not in recent years 
has the subject of the cyst stage of II. radiewola appeared in print, 
yet the subject exists in a controversial state in previous literature 
on the subject, the cyst form being both described and denied. 

It is important to state that the cyst form was found in galls from 
mature greenhouse plants growing in a soil that was faii'ly dry — s<> 
dry that the root system when pulled and shaken was left wdth 
scarcely any soil clinging to the roots. The galls were large, one-lialf 
to 1 inch in diameter, and more w^oody or corky than is common. 

Examhiations of cucumber and lettuce galls have failed to reveal 
the cyst form. Furtliormore, the average gall on the tomato plant 
does not carry it. Dry soil conditions seem to be the determining 
factor whore cyst-bearing galls'are found. 

COMBINED PREFECT OF TFJMPERATURIC AND MOISTURE ON 
NEMATODES 

Observations in greenhouses where root knot was seriously inter- 
faring wdth the { rod activity of the toma to crop mdi(‘.ated that the 
degree of iiife.station might be influenced by a soil-moisture relation- 
ship. In house.s facing tlie south, the soil, as a rule, is moister on the 
north half. Dsirdly it is necessary to water more frequently on the 
south half, especially the spring crop. The examination of tomato 
roots in such houses showed a general infestation of nematodes, but 
the plants from the north half were less galled than those in the drier 
soil of the south half. Plants near a leaky w'^atcr valve and a drij)ping 
pipe from an overh<?ad watering system also show-ed fewer and smaller 
galls. As a result of these observations a series of experiments 
designed to yield information on the combined effect of temperature 
and moisture on root knot was carried out. 

The range of soil temperatures employed in these experiments, 
15° to 30° 0., was between the minimum and maximum that w'ould 
permit gall formation, and the range of moistures, 40 to 100 per cent 
of the moisture-holding (japacity of the soil, was such as would 
support tomato growth. The temperatures were maintained by 
the constant soil-temperature apparatus. The saturated soils pro- 
duced plants that compared favorably with the plants at other soil 
moistures. 
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Glass tumblers were employed as containers. Each contained 200 
^m. of air-dried soil brought up to 60 per cent moisture content. 
Inoculations were made by mixing 5 g. of chopped nematode galls 
with the soil in each tumbler. For tliree weeks after the inoculations 
the tumblers were allow^ed to remain at greenhouse temperature. 
Then the soil in each was thoroughly mixed, adjusted to a specified 
moisture content, planted with two tomato seedlings, and placed in 
the temperature-control apparatus with the soil level below the level 
of the water bath. Table 1 gives the ranges of temperature and mois- 
ture. The experiments were allowed to run 30 days, during which 
time the moisture was adjusted daily by adding water equal to the 
loss in weight. The 30-day period was chosen because it was believed 
that in that time galls would have fortned but probably would not 
have interfered seriously with the general character of the root system. 
However, certain discrepancies appear in Table 1 that may be due to 
unrecognized nematode activity. At the (‘oncl usion of the experiment , 
the st>il was carefully washed from the roots of tlu» plants and the 
better ])lant in ea(*h container was ])lac(*d in series A and the poorer 
plant in series B. By the use of the scoring jnethod suggested ])y 
Free the root systems vv(‘re eom]>ared in a manner that gave a 
detinite score for <*acb system within the series. Experiment 1 was 
conducted during January, 1920; experiment 2 was carried on from 
June 23 to July 24, 1920, and therefore had the better light of mid- 
sumnnu*. The scores showing the relative eflecls of temperature and 
moisture c<»nibined are presented in Table 1. 

'I’aiu.k 1. Effi'ct of lanperaiurv and inoislurf on the rolio of galls to rofd st/sloniS 
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Within the range of soil temperatures employed, it is apparent that 
there were more galls in proportion to the size of the root system at 
the higher temperatures, 24°, 27°, and 30° C., with no particular 
temperature of critical importance. At lower temperatures, 15°, 18°, 
and 21°, the root systems were freely galled, but much less so than 
those at the higher temperatures. As the optimum soil temperature 
for the growth of tomatoes is close to 25° (5, 9)^ it is to be expected 
that root knot will be prevalent on tomato at about that temperature. 
The relative values in Table 1 do not change markedly with a slight 
increase m temperature. This finding is in agreement with that 
of Godfrey {5) who, in addition to tomato, used cucumber, tobacco, 
and soybeans as indicator plants. All these plants have a fairly high 
optimum soil temperature. 

The differences in the results obtained with the different soil mois- 
tures were quite marked. Plants growm in the saturated soils (100 
per cent moisture) were characterized by long slender roots burdened 
with very few galls. In such soils the galls were more plentiful at the 
higher* temperatures. No plant was free of galls. In general, as the 
moisture content of the soil w-as increased, the proportion of galls 
decreased. There were more galls at the (>0 and 80 per cent soil 
moistures than at the 40 per cent moisttire, but the root systems of 
the plants at 40 per cent were so small that the plants would soon 
have died. The plants at 100 per cent soil moisture showed signs of 
spindling, but this was due to too much moisture and not to the 
presence of nematodes. 

An examination of the data in Table 1 showing the distribution of 
galls on the roots indicates that the main root of the tomato seedling 
becomes burdened with galls at the lower moisture contents and also 
at the higher temperatures. At the higher moisture contents the 
galls are, for the most part, on the side roots. Infection on the main 
root interferes more seriously with the growth of the plant than does 
the presence of galls on the lateral roots. 

As previously stated, in the soils of highest moisture content (100 
per cent) the roots were very long and slender and such roots had few 
galls, if any. It therefore appeared possible that the size of the root 
might aid or prevent invasion by the nematode. It is commonly 
understood that the invading nematode attacks the loosely massed 
cells of the meristematic tissue of the root tip, and so gains entrance 
to the root. By employing a root cage with tomatoes growing in a 
nematode-infested soil, a horizontal microscope, and a strong light 
focused on root tips, the writer was able to make direct observations 
of a nematode in the process of invading a root. The wonn had 
worked its way in at the root tip and upward through the meriste- 
matic region, the undulations of its body aiding in the observation. 
A small portion of the posterior end had apparently not fully entered 
the root tip, for it was in the place normally occupied by the root 
cap. A measurement with an ocular micrometer determined the 
lei^th of the organism in the observed stage as 933/a. (Fig. 1.) 

Beaded arrangements of small galls seem to confirm a theory that 
the nematode does not stop after forcing its way into the root tip, 
but travels into the tissue that is developing the central cylinder to 
avoid^being carried forward by the progressive growing point of the 
root tip* 
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EFFECT OF MOISTURE ON NEMATODES 

In order to obtain more definite information concerning the effect 
of moisture on nematodes in galls, fresh tomato galls as large as one- 
half inch in diameter were mixed with 400 g. of air-dry soil and kept 
in pint glass jars. To the soil was added sufficient water to produce 
the range of soil moistures shown in Table 2. The jars were loosely 
capped with paper, which was held in place by rubber bands. This 
helped to maintain a constant soil moisture. The jars were weighed 
every 48 hours and brought up to weight when necessary. At the 
end of the 31-day period the soils were mixed with enough nematode- 
free soil (steamed soil) to fill a 6-inch pot. The pots were then planted 
with tomato seed and four weeks later the seedlings were examined, 
with a final examination 15 weeks after the seed was planted. The 
results, which are presented in Table 2, show that the nematodes 
survived at all moistures except at 0 per cent, i. e., in the air-dry soil. 
Even in soils too deficient in moisture (10 and 30 per cent) to sustain 
crop plants, the nematodes were able to survive. 



Fkjt/bk 1.— Apimrtttus used for observiug root invasion by nematodes 
TabTjE 2 , — Ejfecl of soil moisture upou the survival of the nematode in galls 
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EFFECT ON NEMATODES OF FLOODING A GALL-INFESTED SOIL 

After it had been determined that a saturated soil (100 per cent 
iTioisture) will support nematode life and allow invasion to take place, 
it was decided to carry the study of moisture relationships one step 
further and include a flooded soil. 

For this study galls were buried in sand in glass tumblers and the 
water level maintained at least one-half inch above the surface of the 
sand for various periods, as shown in Table 3. At the end of each 
period a tumbler w^as removed and its contents mixed with sterile 
soil in a b-inch pot, which w'as then planted wdth tomato seed. A 
1 ) 0 1 containing sterile soil was likewise planted with tomato seed and 
placed in the group of pots as a check on contamination. At the 
close of the experiment no galls were found in the check pot, but galls 
w'ere present in all other pots. It is therefore apparent that even 28 
days of continuous flooding is not suflicient to destroy the nematodes 
in gall-infested soil. 

Table 3 . — Effect of flooding upon the survival of nemaiode in gaits 


First, examina- Fiual examhia- 
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EFFECT ON NEMATODES OF DESICCATION IN SOIL 

Although several iTivestigatoi*s have reported that nematodes can 
be destroyed by the pi*ocess of gradual desiccation, no information 
was available as to just what is the maximum period that large galls 
wdll supj)ort nematode life in the desiccating atmosphere of an air- 
dry soil. Accordingly, a series of experiments designed to throw light 
on this point was conducted. 

In a preliminary experiment, large galls (about three-fourths inch 
in diameter) were introduced into 6-inch potstof air-dry soil. After 
2, 3, and 4 weeks these pots, in replicates of live, w^ere rnoistened and 
seeded with tomato. The 3-wreek and 4-week desiccation periods 
destroyed all nematode life, but the 2-week period did not. 

For the next two ex])eriments galls one-half inch in diameter WTre 
employed. Six-inch pots of air-dry soil were divided into groups 
which were kept dry for various periods, as indicated in Table 4, and 
then moistened and planted with tomato seed. In the check i>ots, 
however, the soil was moistened immediately after the galls w^ere 
introduced into the air-dry soil. All groups were in replicates of five. 
In experiment 1, positive infection was obtained in each of the cheek 
pots. The second group (galls in air-dry soil for two weeks) gave 
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ne^Jitive results. Unfortunately, it was not anticipated that eradi- 
cation might be secured in less than two weeks, and observations 
were unduly delayed. All remaining groups gave negative results, 
as shown in Table 4. 


Tabi.k 4 . — Effect of dmiccation in noil upon the survival of nematodes in galls 
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« 'Che [ i-) iiiJicules tho prcMmri* f>f m*m'ilo«le fitilLs; tlic <lash ( infers thar iid exauiijjiition was 
Mi.rle Ittr the period: and 0 indieiUes lh« abseiiee of nematodes. 


The (‘xperiineiit wtis rejieated with galls of the M-Incli size and pro- 
vision made to reduce* all periods to multiples of ^J-week duration. 
In the .second experiment, eradication was efrected in more than ofie 
and one-half weeks and less than two. 

It i.s ay)parent that the /.rim’h galls userl in the preliminary ex[)eri- 
ment recpiireii a longer period of desiccation than the Jj-inch galls 
employed in the two (*xperinients shown iri Table 4. From these 
results it is obvious that the length of the survival period is influenced 
by the size of the galls as w<*!l as by the length of lime that tlie galls 
rcfuain in the air-dry soil. 

DtX;Ay OF GALLS, ATTACHED AND DETACHED, IN SOILS OF 
DIFFERENT MOISTURE CONTENT 

A study of the inlluence of environment on the nematode organism 
is more involved under natural conditions than it is in the laboratory. 
Particularly is this true when the galls are large. 

Tn addition to harboring a dormant phase of ncunatode activity, tlie 
galls (‘ertainly must act as protective agents to their nematode 
I)opulation. A decayed gall has less })rotective action than a fresh 
one. A gall attached to a living root may persist in the fi(*sh stage 
longer than does a detached gall. Even though these galls remain in 
the soil for a considerable time, they may resist decay owing to the 
antisej)tic properties of living cells, which are kept alive by the root 
of which they are a part. That such a relation exists is borne out 
by the following experiment in which the decay of galls, attached and 
detached, was studied insoils holding different percentages of moisture. 

E(iual weights (10 pounds) of air-dry soil were placed in containers 
divided into five series of five pots each at moisture contents of 
0, 40, GO, 80, and 100 per cent of the water-retaining capacity of the 
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soil. The water-holding capacity of the soil as determined by the 
method of Hilgard (^, p. ^ 09 ) was 53 per cent of its air-dry weight. 

Growing plants galled by nematodes were planted in each container. 
The soil in the containers was maintained at 70 per cent moisture 
until all plants were well established. This took about three weeks. 
The low-moisture containers were reduced to their 0 and 40 per cent 
values in about 6 days. All weights were maintained by frequent 
weighing. 

When all pots were adjusted to the proper moisture percentage 
detached galls from other plants were placed in cages of window' 
screening and deposited in each container with some of the soil to 
insure the same environment as the attached galls. The living plants 
were then cut at the surface of the ground without disturbing the 
root system. At intervals of a week one container from each series 
was removed and the attached and detached galls were examined. 
The results are recorded in Table 5. 

Table 5. — Effect of various soil moistures on nematode galls from tomato; attached 

and detached galls 

SERIES A.O PER CENT MOISTURE CONTENT 


Period geXXa | 
were in soil 
(weeks) 


Attached galls 


Detached galls 


1 Turgid, not shrunken, galls apparently per- 

fect. 

2 Indicattons of shriveling, hut on the whole j 

3 Sm^ler galls shriveled, larger galls hard and 

turgid. 

4 Shriveled, soft, not brittle 

6 Shriveled, punky, not decayed, not brittle. . 


Slightly shriveled, inclined to be brittle. 

Ver>- shriveled and dry, not brittle. 

Very shriveled, l>ritlle. 

Do. 

Do. 


SERIES B, 40 PER CENT MOISTURE CONTENT 


Turgid, unchanged.. 

Slightly shriveled, slight decay.. 
Soft. I ’ * " 


punky, dry and fibrous. . 

Very punky, reduced in size, epidermis 
easily sloughs. 

5 Galls whole, epidermis ca.sily sloughs, slight 

decay. 


Softening, inclined to be spongy. 

Soft decay, epidermis easily sloughs. 
Vexy fibrous, not much remaining. 
Nothing left but tough central cylinder. 

Only central cylinder remains, not hard. 


SERIES C, 60 PER CENT MOLSTURE CONTENT 


1 . 

2 . 

3. 

4. 

6 . 


Turgid, unchanged 

Slightly shriveled, slight decay 


Punky, sloughs to a hard central cylinder. . 
Epidermis whole, tissues to central cylinder 
missing, central cylinder soft. 

Epidermis whole, tissue beneath gone as far 
as hard central cylinder. 


Very soft, inclined to be fibrous. 

Nothing left but central cylinder which Is 
bard. 

Soft central cylinder. 

Central cylinder hard. 

Central cylinder nearly destroyed, very 
fibrous and soft. 


SERIES D. 80 PER CENT MOISTURE CJONTENT 



i« 


Turgid, unchanged ; 

Galls whole, mushy jl 

Soft, epidermis tough, hard central cyllndar.| 

Epidermis soft, somewhat decayed, inner | 
tissues missing, central cylinder soft. 

Epidermis whole and fairly tough, tissues | Central cylinder whole and brittle. 
mi.ssing to central cylinder which was < 
pliable. 


Very soft, mushy. 

Notning left but soft central cylinder. 
Soft central cylinder. 

Do. 
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Table 5. — Effect of various soil moistures on nematode galls from tomato; attached 
and detached galls — Continued 

SERIES E, 100 PER CENT MOISTURE CONTENT 


Period galls | 

were in soil | Attached galls 

(weeks) 1 


1 ; .^oft, gall intact 

2 - ' Galls whole, very mushy 

3 ' Epidermis whole and tough, fleshy tissues 

; all gone, hard central cylinder. 

4 ; Epidermis whole, tissues missing, central 

cylinder soft. ; cylinder tough and hard but not brittle. 

5 ' Epidermis whole and tough, tissues missing ; Kpidermis whole and tough, tissues missing 

I t o rdiable central cylinder. to brittle central cylinder. 

At every moisture content, the attached p^alls were less suscejitiblo 
than the detached to the natural forties of decomposition. As the 
moist>ure content of the soil increased, the i>ro(iess of decay was 
liastcned in both the attached and detached ^alls. There was no 
decay in the containers entirely devoid of soil moisture. Tlie p:alls 
at 0 i>ei‘ (iont moisture gradually shriveled; the detached galls lost 
])rat*tically idl their moisture and became brittle. At the end of the 
first w(3ek the attached galls were turgid at nil moisture contents 
exce])t at 100 per cent. In this container the galls were still intact, 
hut their softness was evidence that the cells were ready to collapse. 
The detached galls in the same container were at this time (after 
one week) so far gone tliat the central cylinder was exposed, with the 
surrounding tissue dropping away. 

A comjiarison of the progress of d(»cay in the soils of diiferont 
moisture content indicates that decay in both attached and detached 
galls at 100 per cent was 1 week ahead of that in galls at 60 and 80 
per cent and 2 weeks ahead of that in galls at 40 per cent. However, 
when the rates of decay of attached and detached galls arc comi)ared, 
it is evident that the difrerence in rate of decay decreases with increase 
in moisture content of the soil. At 100 per cent moisture content, 
the attached galls lagged about 1 week liehind the detached in the 
process of decay; at 80 per cent, the lag was 2 weeks; at 40 and 60 
per cent, 3 weeks; and at 0 per cent, 5 weeks or more. 

SUMMARY 

This paper presents a study of the effect of environment on the 
activity of the root-knot nematode, Heterodera radicicola (Greeff) 
Miill., of the tomato gall. 

The nematode gall of the tomato plant is well suited as material 
for environmental investigations. It offers substantial protection to 
its nematode population because of the resistant root-covering tissue. 

All stages m the life cycle of the nematode may be foimd in a 
decaying gall. Among these, there was found infrequently a female 
nematode, which contained a mass of eggs. It was cystlike, and 
corresponds to the brown cyst form of the sugar-beet nematode, 
Heterodera schacktii Schmidt. This particular cystlike form was not 
found in galls from cucumber or lettuce plants, and only on tomato 
plants that were growing in a relatively dry soil. 


Detached galls 


Very suit, central cylinder exposed due to 
! sloughing of tissues surrounding it. 

I Galls whole but all decayed under epidermis, 
central cylinder hard. 

Epidermis whole and soft, hard central 
cylinder. 

Epiderniis whole, tissues missing, central 
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The optimum range of soil temperature for tomato, 25® to 30® C., 
is also the optimum range for nematode activity. A low soil-moisture 
content, 40 per cent, combined with high temperatures, 24® to 30®, 
increased the number of galls in proportion to the size of the root 
system. Plants grown in a soil saturated with water had very few 
galls, especially at the lower temperatures, 15® to 21®. Such plants 
have long slender roots. 

An apparatus is described for observing the invasion of a root by a 
nematode. The suggestion is made that the size of a root may aid or 
prevent invasion by nematodes. 

The nematode in a detached gall may survive for one month or 
longer in soils ranging in moisture content from 10 to 100 per cent. 
The organism did not sunnve this period in an air-dry soil. 

Flooding a gall-infested soil for 28 days did not eradicate the 
nematode. 

Galls in an air-dry soil did not protect nematode life as long as 14 
days, but did protect it as long as 10 days. 

A detached gall decays more rapidly than a gall attached to a root 
system in situ. The rate of decay of attached and detached galls 
increases with an increase of moisture in the soil. The rate of deca}’ 
of an attached gall lags about three weeks behind that of a detached 
gall in a normally moist soil, that is, one containing approximately 00 
per cent moisture. 
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THE RELATION OF MYCORRHIZAE TO CONIFER 
SEEDLINGS ' 

By Richard E. McArdle 

AsHociale SilvicuUurintf Pacific Norihuwat Forest Experiment Station, Forest 
Service, United States Department of Agriculture 

INTRODUCTION 

Forostors are becoiuin^: more and more intei-osted in the pliysioloj^i- 
cal relationships betweim forest trees and soil -inha hi tint? funp. 
(Certain soil funj?i have lon^ been known to be detrimental to tree 
seedlings as, for example, species of Pythiurn and Fusarium which 
cause damping off of succulent young seedlings. But the belief that 
all soil-inhabiting fungi are injurious io seedlings is no longer tenable. 
It is now believed that certain failures in forest nurseries and certain of 
the indifferent results somefimes encountered in planting out nursery, 
stock an^ not due t-o the ])resence of a fungus but on the contrary 
should be attributed to the absence of some parthuilar fungus. 

Many pathologists believe that the association of certain fungi 
with the young joot tips of trees and other plants to form mycorrhizae 
(constitutes a definite case of parasitism on thc^ part of the fungus. 
Other investigators are equally convinced that this association of 
two dissimilar organisms is distinctly benelicial to both participants. 
In any event, it. is inconceivable that the formation of mycorrhizae 
should have no effect whatever on the health of the higher plants when 
all, or nearly all, of their rapidly growing root tips are invaded by 
fungous mycelium, with ('onsetpient swelling and forking of the roots. 
The occurrence of mycorrhizae on am astonishingly large niunber of 
])lant. species makes this question of the physiological role of mycor- 
rhizae unusually important, 

HISTORICAL DATA 

The presence of fungus hyphae in the root cells of plants was 
described by numerous investigators during t)u» lirst half of the ninc*- 
teenth centurv. There were many speculations concerning th(» origin 
of .these mycelial threads but no evidence of value until Reese (20) ■ in 
1880 noted the apparent connection betw^een a spruce rootlei and a 
truffle fiinmis, Elaphowyces fjrmnlatvH, 

In 1885 Frank O'??) coined the word ‘'mycorrhiza,^' and in a series of 
papers beginning in April of that year developed the hypothesis that 
a beneficial relationship might exist betw^een the liigher plant and the 

1 Received for imblication Aug. 12 , 1931; issued April, 19.32. This contribution represents a ilissorta- 
tion submitted in partial riUfilinent of the requirements for the tlegree of dotrtor of philosophy from the 
University of Michigan. The re.sulls here presented were obtalneil at the Uuiversil y of Michigan during 
tlie years 1927 to 1930. 'rho work was started at the suggestion of 0. 11. Kauffman, to whom the writer 
is Indebted for many helpful suggestions and much stimulating criticism. 

“ Reference is made by number (italic) to Literature Cited, p. 315. 
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fungus. It is now generally considered that knowledge of mycor- 
rhizae begins with the publication of Frank's researches. Franlv, 
however, was not the first to advance the concept of a beneficial 
relationship between fungi and the roots of higher plants, for Pfeffer 
(^4) in 1877 ascribed to the orchid fungi a physiological role analogous 
t<» that of root hairs, and Kamienski (9) in 1882 published a memoir 
on Monotropa in which he fully recx)gnized the existence of a, j’eciprocal 
relationship between flowering plants and fungi. These works have 
been overshadowed considerably by Frank's publications. 

The interest in inycorrhizae that was aroused by Frank’s papers 
has persisted and increased. More than 300 persons have written a 
total of approximately 600 papers dealing directly or indirectly with 
this subject. 

It is now generally accepted that root infection of the mycorrhizal 
type is a widespread phenomenon among vascular plants. Mycor- 
rhizae have been found among the Pteridophytes on ferns and on 
Equisetum; they have been found on the roots of orchids, violets, 
heaths, and a host of other small plants; also, on the roots of a great 
many species of forest trees, both hardwoods and conifers, and of fruit 
trees. 

Several types of mycorrluzae have been pictured and d<^scril)ed. 
The three tyj)os usually mentioned are ectotrophic, endotrophic, and 
ecXendotrophic. The terms ‘'ectotrophic" and “endotro[)hic" w(ue 
first Tised by Frank; Melin (17, 18, 19, <21) originated tlie term 
“ectendotrophic." Ectotrophic mycorrhizae are common on forest 
trees, expecially conifers. They are characterized by a fungous man- 
tle around the root tip and the presence of mycc^lium between the cells 
of the root. In endotroy)hic mycorrhizae the hyf)]iae are found inside 
the root cells and the hyphal strands pass through the cell walls from 
one cell to another; this type of myconhiza is found most often, on 
herbaceoiis plants and hardWood trees. The characteristics of the 
endotrophic and octotro])}iic mycorrhizae are combined in the ectendo- 
trophic form. McDougall's (14) term he tero trophic" is ])erhaps 
comparable to ectendotrophic. Kayncr {25) believes tliat the type 
of mycorrhiza formed depends upon the degree of infection of the root 
by the fungus and intimates that a given fungus might form ecto- 
trophic mycorrhizae on one jdant and endotrophic mycorrhizae on 
another. Melin considers that the different types of mycorrhizae 
(ectotrophic, endotrophic, and ectendotrophic) represent phases in 
dev^elopment. He believes that the ectotrophic condition is the final 
stage in a gradual “squeezing out" process due to enzyme activity in 
the root cells. The endotrophic mycorrhiza with its intracdlular 
mycelium may, therefore, be transitional to the ectendotrophic type 
and this may be followed by the true ectotrophic type. Melin also 
states that the type finally developed probably depends on the “ vij‘u- 
lence" of the fungus. According to Melin, these intracellular fila- 
jnents eventually disappear, and he assumes that they are digested 
and utilized by the root cells. Masui (15, 16) describes this digestive 
process as consisting solely of a degeneration of the filaments due to 
the gradual granulation of the cell membrane of the hyphae until at 
last it refuses to take the stain and hence no longcu* can be seen. 

The seasonal occurrence of mycorrhizae has been studied by both 
McDougall and Masui. These investigators found that mycorrhiza 
formation reaches a maximum in late summer or early ’ faU and 
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tlieroaftor steadily declines to a iriiniinum during the winter months. 

An imposing number of fungous species are reported as being 
mycorrhiza formers. Appioxiinately 50 species representing 1 (*> 
genera are in this list, and practically all are Basidiomycetes, cliietly 
agarics.^ The genera mentioned most frequently are : Amanita, Bole- 
tus, Cortinarius, Ca,ntherollus, Inocybe, Russula, and Tri(‘hol()ma. 
Unfortunately, very few of those who have reported certain fungi as 
mycorrhiza formers have based their opinions on experimental evi- 
dence. The writer can suggest at least a dozen species not yet re- 
ported as mycorrhiza formers that careful field examination discloses 
to be closely associated with Norway spruce (Picea exceUa) and north- 
ern white j)ine {Finns strobns). It is evident that jnany statements 
encountered in the literature must be accepted with reservation until 
verilied by laboratory experiments. 

Two methods have been used to determine whethcj- a certain fungus 
is a, mycorrhiza former. By one method strands of mycelium from 
a fungous fruit body are followed through the soil to a mycorrhiza; 
by th(i other mycorrhizae are formed in pure culture by inoculating 
the roots of seedlings with fungous mycelium. 

The chief objection to the first method is the groat difliculty iu 
following the strands of Jiiyc/clium through the soil without breaking 
the lilaments. Moreover, there is no assurance whatever* that the 
mycelium hJlowed to the r<»ot is the mycelium which is jesponsi))le 
for the formation of the mycorrhiza. As will be brought out later, 
even the presence of a fi*uit body directly on a root and apparently in 
the most intimate contact with it does not necessarily signify that the 
fungus forms mycorrhizae. 

In the second method the mycelium designed for inoculation pujposes 
is obtained either froju cultures of known fungi or from cultures origi- 
nating with a mycorrhiza. Inoculations are juadc*. on the roots of 
seedlings that presumably are sterile, or on the roots of seedlings 
germinating from disinfected seeds sown within a flask or other cl(»sed 
vessel. A few' of the investigators -Fuchs (4), for example — who 
obtained mycelium from the fruit bodies, did so by germination of the 
spores, but usuall}' this Jiiycelium has been obtained directly from tln^ 
fruit body by culturing tissue taken from the interioi* of the fruit body. 
To obtain a pure culture of mycelium from a mycorrhiza is a diflicult 
task and can not alwniys be accomplished. Alelin has developed a 
jnethod for culturing mycorrhizae which he asserts is successful in 
sterilizing the external parts of the j*oot and thus excluding tliose 
species (e. g., of rcnicilliiun, Fusarium, and Miicor) wdiicli would be 
likely to outgrow the fungus causing tlic mycorrhiza. Fresh my(‘or- 
rhizac are washed several times in sterile distilled w^ater and then 
treated for 15 to 30 seconds wdth a 0.1 per cent solution of meicuric 
chloride, after wdiich they arc again w'ashod in sterile distilled wattu* 
and placed on the culture medium, Masiii also has used this method 
with success. Moller e.xtracted mycelium from a s[)ruce mycor- 
rhiza and reinfected spruce rootlets wdth this mycelium. 1I(' inocu- 
lated with nonseptate mycelium which he thought might be a Mucor, 
but the mycelium w^hich he later found inside tlu> roots w^as septate. 
Moller’s juethod of obtaining sterile rootlets for inoculation j)urposes 


3 According to Meliii, cflrtnin iiicoinpletoly uieutifled species of lUiizoetonin may form “false ” ih> corrlii- 
ztte. A few species of Ascomycetes have Ijeeii reported as being mycorrhiza formers. 
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was to make a column of thi’ce pots of sterile sand and start the seed- 
lings in the highest pot; when the roots had grown downward through 
two pots and had entered the third, they were inoculated by smearing 
mycelium on them. 

Peklo (23) obtained a fungous culture from beech mycorrhizae by 
making a decoction of the mycorrhizae. Sections of beech roots 
which had been rinsed in water were dropped into this decoction and 
on these bits of roots he obtained a fungous mantle composed of several 
species of Penicillium. Peklo’s results are of questionable value be- 
cause he used seedlings which were grown for two years in unsterilized 
humus and may have been infe(‘ted. Furthermore, Peklo and some 
of the other investigators failed to take into account the possibility 
that several species of fungi might be associated with tlie roots and 
none of them be able to form mycorrhizae. A few years later, in 
1911, Fuchs found this to be true, and he declares that the fungous 
mantle sometimes develo])ed by certain spe(‘ies of fungi is no sure evi- 
dence of mycorrhiza formation because^ the hyphae do not penetrate 
even the outer cells of the root, and the mantle is easily washed ojf. 
He cites Penicillium as an example of a fungus that forms a mantle 
which does not penetrate the root and hence is not mycorrliizal. 
When mycelium is extracted from a mycorrhiza there is no assuran(*e 
that only one fungous species has been obtain e<l, and xml ess the culti- 
vated mycelium can be made to form a fruit body there is no wav to 
know what fungus is being cultured. Finally, there is the possibility 
that the fungus really responsible for the formation of the mycondiiza 
can not bo extracted from the mycoirhiza; (*ortain spe(‘i(\s (e. g., of 
Amanita and Cortinarius), which are strongly susj)ect^ed of being 
mycorrhiza formers, grow very slowly or not at all in artificial culture. 

Most of the recent investigators have begun their ex])eriments with 
the seed, either raising seedlings under sierile conditions and trans- 
planting these at the time of inoculation, or raising one oj- a few seed- 
lings in a flask or test tube and inserting the inocula into these vessels. 
The latter method w as used by Melin and Fuchs. Masui has used 
both methods, sometimes inoculating the seedlings wdien transjxlanted 
and at other times several months after transplanting. 

Some investigators disinfected the seeds before planting, but others 
have not taken this precaution. Seed disinfection methods have 
varied, but solutions of mercuric chloride appear to meet with most 
favor. Masui tried several methods and settled on one involving 
the w^ashing of green cones (containing germinablc seeds) in 50 per 
cent alcohol, then in a 0.1 per cent solution of mercuric chloride. 
The seeds wT.re removed while the cones were in the mercuric chloride 
solution and were then washed in sterile distilled watej*. Fuchs^ 
method was much more elaborate. The seeds were shaken in 50 per 
cent alcohol, then in concentrated sulphuric acid for 5 to 10 miimtes. 
They were then washed in a suspension of calcium carbonate to neu- 
tralize the acid, w^ere rinsed in water, immersed for five minutes in 1.0 
per cent mercuric chloride solution, and again rinsed in water. 

In the first experiments with mycorrhizae, Frank used earthen 
flowerpots and M oiler also used pots. Most of the latest experimen- 
tation nave been done in Erlennxyer flasks. Melin has used a double 
flask made of one Krlenrnyer flask and one Florence flask connected 
by a glass tube. The culture is grown in the Erlenmyer flask and a 
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reserve supply of nutrient solution is kept in the other flask. The 
object in using: flasks is to make certain that the cultures remain abso- 
lutely sterile. Melin candidly admits, however, that in spite of all 
precautions at least 25 per cent of his flask cultures were contami- 
nated by the end of the third gcrowing season. 

Nearly every experimenter has remarked upon the difhc-ulty of 
obtaining a culture medium that is suitable for both seedling and 
fungus. Sand has been used chiefly because it is easy to sterilize and 
is inert. Tlie latter characteristic is important when the effect of 
various nutrient substances on plant and fungus develo])inent is 
being tested. Althougli sand is suitable for the seedlings, some difli- 
culty is usually experienced in getting the fungi to grow through it 
unless it is in very coarse particles, llumus and forest soils contain- 
taining humus have been used, but these media are difficult to steri- 
lize without seiiously changing their chemical composition; often sub- 
stances toxic to both seedlings and fungi are produced when humus 
is steam sterilized; chemical sterilization is considered impractical. 
Various attempts have been made to increase the porosity of sand 
used as a culture medium. Among the substances which have been 
mixed with it to make it more ])orous are glass heads and moss. 
Melin placed sand in flasks and sterilized these for 25 minutes in a 
steam sterilizer on each of three days. Fuchs also used sand in 
flasks and autoclaved these for 2 hours at 150® (\; he tlicn mixed the 
treated sand with the nutrient solution and again stcuilizod the filled 
flasks for one-half hour. Masui used sand, and also a mixture of 
sand, humus, and spJiagnum moss. These media were autoclaved in 
flasks for .‘U) minutes at 150® C. 

So far as is known, Melinas J^-vear exi^eriments aie the only ones 
lasting more than one yeai’. The shortest experiments probably aie 
some of those ])erformed by Fuchs; these lasted but eight days. 
iMasui’s experiments were ended two or three montlis after the inocu- 
lations. Von Tubeuf [St) made experiments continuing for one year. 

The (‘fleet of the association of a root and a fimgus is one phase of 
this subject wdiich has had a great deal of attention and about which 
there is yet very little definite information. Since Frank first raised 
the (piestion as to the probable value of the fungus to the higher 
plant, our know^ledg(‘ of this j)hase lias gone very liltle beyond the 
theoi-etical stage. Nearly every conceivable hypothesis has been 
advanced as to the roh* of mycorrhizae in plant nutrition. The in- 
vestigators who hold that the formation of mycorrhizae is injurious to 
the host plants include Sarauw (^»9), M oiler, Fuchs (^), Masui 
(15j 10), and McDougall (Z^). Frank {S), Stahl (30), Von Tubeuf 
(81), Kexhausen i^S), and a number of others think the formation of 
mycorrhizae is beneficial or even necessary to the best development 
of the associated higher plant. 

For about 30 years there was little compromise between these 
diametrically opposed ideas. But in 1909, liemard (3) suggested 
that there might be a ‘4)alance of benefit” between the associated 
organisms, and that under certain conditions the association was 
beneficial to both participants, whereas under other conditions evi- 
dence of parasitism would appear. Since 1917 Melin has further 
developed the balance of benefit” idea and has attempted to show^ 
that whether or not a mutual benefit is derived from the my^oorrhizae 
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association depends very largely on the activity of the fungus. He 
points out that the various species of fungi which form mycorrhizae 
are not equal in their ability to form this union, but tliat some species 
are exceptionally vigorous while othei*s are much less so. Further- 
more, the external conditions w^hich influence the health of the higher 
plant also have a part in determining in which direction the reacting 
organisms will proceed. Melin thinks that if a sickly plant effects 
an association with a particularly vigorous fungus, the plant may be 
injured and derive no benefit from the association; in a word, the 
fungus is parasitic upon the other plant. In short, the modern ]>oint 
of view is not that the formation of mycorrhizae must be either lu'^lp- 
ful or harmful to the participants of the association but that the effect 
of this association varies from absolute parasitism to conqilete sym- 
biosis, depending upon the vitality of the fungus and the health of 
the higher plant. 

The contradictory results obtained in investigations of the phy- 
siologiciil signilicance of mycorrhizae probably are due to the methods 
used. In general, four methods have been employed to determim* 
the effect on the plant of the fungus-root assotuation. (1 ) (Conclusions 
have been drawn from field observations, 'riiis admittedly is an 
inaccurate method, because allowance can not be made for all the 
many factors which simultaneously are influencing the development 
of the plant, (2) Conclusions have been based on the anatomical 
structure of mycorrhizae; but mycorrhizae are difficult to section and 
stain and even in a perfectly prepared slide it is easy to ov(*rlook 
important details. Many of the conclusions on the i)h.vsiological 
r61e of mycorrhizae deduced from inicroscof)ic examinations should 
be verified by experiments with living plants, (l-l) Microchemical 
analyses have been made of infected and (supposedly) uninfect(»d 
roots. Weyland (33) used these methods in studying the distribution 
of inorganic nutrient substam'os in root cells, and Masiii has re(‘ently 
contributed an extensive paper on the subject (16'). (4) There is 

the experimental method in which plant roots are brought into con- 
tact with the myceliuni of a fungus suspected of forming my(*orrhizae. 
By varying the conditions under which the plants are grown (as, for 
exaiu])le, by supplying organic nitrogenous compounds to some plants 
and inorganic nitrogenous compounds to others), and by measure- 
ment of s(*.edling height and needle length, observation of foliage 
color, and the like, direct evidence is obtained on the effect of mycor- 
rhiza formation. In this field Melin is the outstanding investigator. 

The investigatop who have used the microchemical methods agree 
that the mycorrhizal fungi are parasitic upon the associatt^l higher 
plants, and that there is no evidence of a symbiotic relationship. 
Masui, for example, found that the fungi remove from the root all of 
the amino acids, most of the carbohydrates, tannins, and nitrates, 
and some of the phosphorous, potassium, and ammonium. He 
found that young fruit bodies of the suspected fungi contained large 
amounts of these substances. Inasmuch as most of the important 
food substances were removed from the seedling by the fungus and 
no return of nutritive material was made, Masui was forced to con- 
clude that the mycorrhizal fungus must be considered a parasite 
upon the seedling. 

The evidence obtained hy the experimental method is almost the 
exact opposite of that obtained by microchemical analyses. If the 
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oxperiiiiontal evidenrc (loos not always in<li(*at(‘ a hontdicial (dFoct, 
il at loast shows no parasitism on the ])art of th(' fungus. A full 
discussion of this phase of the subject is f^ivcMi in later |)ara};ra])hs. 

FIELD EXAMINATIONS 

In order that laboratory experimentation might be tempered by a 
knowledge of mycorrJiizal conditions as they obtain in nature, a 
syst(»inatic st udy was made in s(iveral forest plantations. These wore 
located on the vSaginaw Forest of the School of Forestry and Conser- 
vation, Cnivei-sity of Michigan. After a preliminary examination in 
11)27 and 192(S, when cv(^ry coriih^r plantation w'as visited regularly 
several times ea(‘h week over a period of about three months in tJie fall 
and again in the spjing, it was decided to restrict the study to the plan- 
tations of Norway s]>ruce and northern white ])ine. 

Mycorrhizae were moderately phmtiful in the white pine ])lantation 
and were truly abundant in the spruce plantation. The abundance of 
spruce rootlets in the top 0 inclu's of soil and the moist conditions 
prevailing in this stand undoubtedly provide a more favoral)le en- 
vironment for the formation of mycorrhizae than the rath(>r dry soil 
of the pine plantation. An (’(stimate of the total amount of mycor- 
rhizal inf(\station in each j)lantation was made periodically by digging 
uj) a numbcT of small roots about 3 feet long in the top G inches of soil. 
At least 0<S per cent of the rooth^ts on the better (quality sites of the 
spruce plantation, and probably 75 per cent of the rootlets in the wdiite 
|)ine plantation, wer(> (\stimated to bear mycorrhizae. In lu'itluu* 
stand were mycoiTliizae found veuy far below the surface; only to a 
depth of perhaps G inclu's in the pine and to about S inclus in tiu*. 
spruce. No mycorrhiza(‘. were found in that part of the spruce stand 
wh('re raw humus is absent and tlie soil bakes hard and dry. 

The pll value's for soil and humus w^ero determined in these two 
t)lantations in the fall of 1928, the spring of 1929, and again in the fall 
of 1929. Samples from dilTcrent ])arts of tin' stands were tested 
promptly with the (piinhydrone electrode, in Table 1 are given the 
average pH values for soil and humus in th(>so two stands. 

Taulk I. Average pH values for soil and raw humus fro lu the northern white pine 
and Norway spruce plantations on the Saginatc Forest 


jXorlliern white Norway spi uco 
I pll value ; . pH value 


Jlaw humus 

Soil at a dopth of 4 inches. 


i ! \'ii mher .Vw mfvr 

1 U.4±(Km : 12 i 1«, 15 

I 0.0.4:: .(W; IS I fi. 34r . 02 1!) 


Hessclman (7, S) and Melin (.^0) obtained pH values of about 4 in the 
humus layers of conifer forests in northern and central Eiu*opc and 
Gl0rame (5) reports essentially the same values for (Minifer woods in 
Norway. According to Melin, Brenner found that soils in the conifer 
forests of Finland had pH values ranging from 3.5 to 4.8, In Swedem, 
Melin states, the best mycorrhizae and the most prolific occurrence of 
mycorrhizae are in forests where the raw hurnus has a pH value of 
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about 4. He also states that usually there is an abundance of iny- 
corrhizae in spruce woods having pH values of about 5 for the soil, 
but that where the pH value is 6 or 7 the development of mycorrhizae 
is very weak. Melin's experiments lead him to believe that vigorous 
formation of mycon*hizae will not take place on neutral or on alkaline 
soils or in extremely acid soils (c. g., with a pH of about 3.5 or less). 
Lohman (1^) has made a large number of collections of mycorrhizae 
from a wide variety of plants in Iowa and has determined the pH 
values for the soil surrounding each collection. These values ranged 
from 4.9 to 8.2 but were 0.5 or over in the case of more than 70 per 
cent of his collections. He concludes that mycorrhizae occur in acid, 
neutral, and alkaline soils ])ut probably develop bett(‘r and are more 
common in soils having pH values below 0.5. 

The “glass plate” method of studying the seasonal development of 
mycorrhizae — ^first mentioned by McDougall — was tried in the spruce 
stand but was not entirely satisfactoiy for this purpose. Judging, 
however, from a large number of individual collections, the maximum 
development of mycorrliizae in these plantations occurs from early 
September to late November; dining three successive years the best 
collections were had in October. The development of mycorrhizae 
apparently depends on abundant rainfall and warm weather; after a 
hot, dry summer a considerable fall of rain is needed to start a vigorous 
growth of the fungous mycelium. Exinihmt mycorrhizae .were ob- 
tained two weeks before tiie appearance of fruit bodies in thesis areas. 
New mycorrhizae probably <lo not develop after the advent of <*old 
weather and frozen soil, hut those already formed may remain alive 
for several months; a number were dug from frozen soil in December, 
January, and February. By spring nearly all those formed during thc' 
previous year have turned brown, are more or Icvsa shriv(ded,and a])p(Mir 
to be dead. Only a few mycorrhizae are formed during the spring 
and summer months. 

In the Norway spruce stand were found seven 1 -year-old s})ruce 
seedlings which apparently had originated naturally from seeds cast, 
by the trees of this stand. No mycorrhizae were found on the roots 
of these seedlings. 

In both the Norway spruce and northern white pine stands a, great 
many attempts were made to verify the apparent connection between 
fungous fruit bodies and mycorrhizal roots. Many fruit bodies were 
found in actual contact with roots; others were directly over large 
mycorrhizal clusters and separated from the roots liy only a centi- 
meter or so. This apparently intimate association* is no positive 
assurance that the mycelium which formed the fruit body also is 
responsible for the near-by mycorrhizae, but these associations do 
furnish a clue as to which fungi might well be tested experimentally to 
determine theii* mycorrhiza-forming ability. In the following list are 
given the names of species^ which careful and repeated examination 
disclosed to be nearly always associated with tree roots in these two 
stands. The list also indicates the fungi suspected of forming my- 
corrhizae of the different types found in the microscopic examinations 
of specimens from the two plantations. These species represent only 
a part of the large number of fungous species collected in the two 
areas. 


* Tho itetlflc&tion of these fungi, without regarci to the mycorrhizal types they may form, has i)een 
checked by 0. H. Kauffman. 
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Ectotrophic mycorrhizae: 

On Norway spruce™ 

Amanita viuscaria Fr. 

Lycoperdon pulcherrimttm B. and C. 

Inocybe euthelnidea Pk. 

Clitocyhe rivuloaa Fr. var. angiislifolia Kauff. 

Clitocyhe diatrela Fr. 

Calvatia saccaia Vahl. 

Ihleiatt piyeralus Bull. 

On white pin(^~ 

CortinariuH sp.® 

(■alvafia saccaia Vahl. 

Lycoperdon gemmaium Jhat.sch. 

Collybin hulryacea Fr. 

Inocybe eutheloides Pk. 

(Uitocyhe rivulosa Fr. var. angiislifolia Kaufr. 

(Uitocybe diatrela Fr. 

Ectendolrophic mycorrhizae : 

On Norway .spruce — 

Cortinariiis argeritalvs Fr. 

(\>rtinnrius cinnamoniens Fr. 

Tricholoma personal iim Fr. 

Lepiota naucAyia Fr. (t)r ecto1r(»])hic only?) 

Lycoperdon gernmalnni Balach. (t>r ectotrophic only?) 

On white pine — 

Lycoperdon gemmahim Batsch. (or ectotrophic only?) 

Of tlie*so s])ecios, Amanita mvscarla has been reported by Melin to 
form mycorrhizae on Betiila, Ijarix, IHnus sylvesirisy and Ficea ex- 
celsa: Co/iinarlufi einnamomeus has been reported by Masui to form 
mycorrhizae on Piny , 9 denslflora and Fopiflufi tremnia; the rest, so far 
as is known, are mentioned for the first time in this connee.tion. 

It has been the eomnion praetiee of investij^ators to consider the 
attachment of fruit l)odies to tree roots ns definite proof of the ability 
of tliese fimji:i to form mycorrhizae. It is realized that circumstantial 
evidence of attachment is often very strong:, but the apparent at- 
taelmient of fruit bodies to tree roots cun not be taken as proof tliat 
the fungus forming the fruit body likewise formed the mycorrhizae. 
The writer has made a microscopic examination of 28 fruit bodies of 
Lycoperdon gemnwivnij Amanita muta-ardOj Calvatia saccaia , Inocybe 
eutheloides^ Lycoperdon pulcherrimumj and Cortinarivs sp., each with 
tree rootlets attached. In sj)ite of careful sectioning, staining, and 
examination, in none of over 100 slides could the mycelium of the 
fruit body he followed to the interior of the root (13). 

One hundred and eight individual collections of mycorrhizae froin 
the white pine and ^orw'ay spruce plantations were embedded in 
paraffin, sectioned, and stained. There was sectioned also one col- 
lection from each of the following species: Austrian pme {Pin us 
nigra Arnold), Scotch pine (P. sylrestris L.), pondcrosa pine (P, 
ponderosa Laws.), Douglas fir (Pseiuiotsuga taxijolia Britt.), and eastern 
hemlock (Tsuga canadensis (L.) Carr). 

The mycorrhizae found in the spruce plantation wero simple or 
eoralloid. The simple form is doubtless an early stage of the coralloid 
form; the root is unbraiiched and the mantle is very thin. The coral- 
loid form (the “Gabelinykorrhiza” of Melin) is characterized hy a 
corallike branching of the rootlets and the presence of w^ell-developed 
hyphal mantles. 


« An undescrlbed species which Doctor KaulTman has had under observation for several years. 
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Tlio niyoorrhizae of spruce, which presumably are formed by 
Ama/fiita. mvscarUiy are markedly (‘ondloid in form. At maturity thi*y 
are. invested with a mantle of pure white mycelium which tunis brow;n 
wnth a< 2 ;e and eventually sloujjhs oiF as the mycorrhizae die and begin 
to slirivel. The mycorrhizae are about medium size, from 3 to 5 mm 
long. Microtomic sections show the hyphal mantle to be compar- 
atively thick, from 15 /li to 30 )li, and composed of a tangle of hyphal 
filaments which lie closely appressed to the rootlet. The mycelium 
penetrates between the cortical cells of the root as fai*, usually, as the 
central cylinder. 

The mycorrhizae of Norway spruce, which probably are formed by 
Coriimrius argentaius^ are coralloid and ha ve a yellowish-white mantle. 
Numerous short hyphal projections give these juyeorrhizae a ludry 
af>i)caranct^. The mycelium of the inanth*. soon turns brown, then 
blackisli, an<l finally \lisappeai*s as the mycoi i hizae die. Microscop- 
ically, these mycorrhizae are notcAVorthy because of the. presence of 
myc.elium w'ithin the cells as wrell as between the cells. (PI. 1 , A and 
Ik) Until recently it was not believed that ectotrophic. mycorrhizae 
might contain intracellular hyphae, but as Melin has pointed out, this 
frecpientlj^ occuj‘s; the pro{)er staining is nee.essary to make the fila- 
ments visible. In this particular my(*dThiza, thought to be formed 
by C. argeniatus^ no evidence t)f digestion of the hyphae* could be found. 

The myconhizac of Norway spruce w hicdi Lycoperdon gemmatiun is 
suspected of forming are coralloid, but less so than those a])parently 
]>roduced by Amanita muscaria. They are about 5 mm long and 
have a creani-colored mantle with numerous proje< ting hyphal fila- 
ments. The my<*eliuni is intercellular, but mimerous sljort, stubby, 
haustorialike branches of hyphae apparently ])enetra.te (he cell walls. 
It could not be determined whether a(‘tual penetration of the wudls 
took place or wdiether the walks were distended irnvard without ])(*ne- 
tration. The hyphae were eveiy where between the cell walls of the. 
c<»rtex but did not enter the. central cylinder of the root. 

Tricholoma personatum is sxispected of forming ])ale-ycllow' mycor- 
rhizae on Norway spriu'e. These mycorrhizae are distinctly coral- 
loid and are characteristically bulboxis at the tips. The swollen tip 
is sometimes twice the diameter of tJic rest of the mycorrhiza. ']'’he 
mycorrhizae are lather long, from 5 to 7 mm, and the mantle is 
smooth, from 10/x to 20/i in thickness, and composed of closely ap- 
pressed filaments. 1"he mycelium is both intracellular and inter- 
cellular, thus pla<*ing tins mycoiThiza in the ec.tendo trophic class. 

The inycoiThizae ()f spruce thought to be formed by Clitocybe 
rivulosa var. angmtifolia are sparsely coralloid and W'cre tlie least 
brancljcd of all the mycoiTliizae studied. When fresh, the jnyceliurn 
of the mantle is gj*ayish white and slightly fluffy; the mantie turns 
bi'owm with age and appears to loosen and slip from the root as the 
mycorrhiza dies. The mantle is from 8^ to I5y. in thickness. These 
mycoirliizae are short, from 2 to 4 mm long, and the mycelium is 
exclusively intercellular, penetrating the root as far as the central 
cylinder. 

Some of the mycorrhizae found in the northern white pine planta- 
tion w^ere fully as coralloid as the Amanita muscaria (Norway spruce) 
mycorriiizac, but others found in this stand were almost tuberculate 
(the Knollenmykorrhiza of Melin). In no instance, however, were 
these tuberlike mycorrhizae joined together, as often occurs with the 
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PLATE 1 




LODKltudiual sections throuRh niycorrhizae on Norway spruce, susj^ected of fieing formed bv 
Coriinarious aTgentatm, showing mycelium within cells of the root. A, inagnihed 7(X) times: 
B, 200 times 
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Knollenmykorrhiza typo. Wliore tlie same (su spec tod) s]>ocjos of 
fungi were present as appeared in the spriieo areas, the whiter pine 
niyoon-liizae had niuoh loss conspicuous mantles, althougli ini<*ro- 
scopic examination showed that the mantles often were just as tl)ick. 

The myeorrhizao of white pine supposedly formed by Oollybia 
hutryacea were rather short (a})out 3 mm) and" were invested with a 
grayish mycelial mantle Irom wliich numerous short filaments pro- 
ti-uded. The mycelium penetrated between the cells of the cortex 
occasionally as far as the central cylinder; no intracellular hyphae 
were found. The myc.elium inside the root was distinctly darker 
than the mycelium composing the mantle. 

The myeorrhizao of wJiite pine suspe(;ted of being formed by 
Oahatia saccata. were tubonnilate with occasional corralloid forms. 
These myc.orrliizae wi'c 4 or 5 inm long and liad a thick mantle of 
cream-colored mycelium which a]>poared to darken with age; the 
mantle was not found on old (apparently dead) myeorrhizae. 1'his 
mantle was from 12^ to 20/i in thickness and was composed of veiy 
closely interwoven filaments. The my<*elium was exclusively iiiter- 
(‘dluhir and penetrated the root as far as the central cylinder. It 
was nuK'h darker inside the root than outside. 

FORMATION OF MYCORRHIZAE UNDER CONTROLLED 
CONDITIONS 

GROWING SEEDLINGS IN THE LABORATORY 

Seedlings of Norway spruce and wdiite pine were grown in pots of 
sand supplied with nutrient solutions. The sec^ls wore first disin- 
rected by (iovering them with a 0.25 per cent solution of mercuih* 
(iiloride and shaking vigorously for a hnv moments to insure ])erfect 
c<»nta(^t of the solution with eveiy seed. After 45 minutes the solu- 
tion wuis poured off and the seeds were rinsed in three changes of 
st(»rile distilled water. Tlie disinfected seeds were jilanted in (juartz 
sand. The sand and the new earthen pots containing it had been 
sterilized by autoclaving for 3 J 2 hours at 15 pounds pressure (121° C.). 
Northern white pine seeds, especially wiien fresh, were extremely 
erratic in germinating, but alteinate wetting and diying greatly 
hastened their germination. For the spruce the germination aver- 
aged about 65 per cent and for the white pine about 50 per cent. 
The age of the seedlings has been com])Uted from the time when 
germination began to show a marked de<*rease. 

The nutrient solution used W'as that developed by Keid (27).^ 
Wlien a solution without nitrogen was required, the nitrates of tlie 
Reid solution were omitted. For solutions having nitrogen from an 
organic, source, the nitrates were replaced by asparagine, glycine, 
uric acid, or peptone. These solutions were apjdied to the seedlings 
every 10 days. The plants w ere w^atered with distilled water. 

Various experiments were made to detennine approximately the 
requii’ements (jf the seedlings for light. Direct sunlight w^as kept 
from the seedlings because of the considerable increase in tempera- 
ture accompanying sunlight. Artificial light (supplied by 50 w 
electric lamps) was used to supplement the indirect sunlight reaching 


• The chemical conipositioo of the solntion Ik as follows: Solution A—MgSO^, 2 per cent; KIT2PO4, 2 per 
centj KNO|, 2 per cent. Solution B—CaCla, 3 jwr cent; CaSO*, 2 per cent; ra(XOi) 9 , 4 per cent. Equal 
quantities of the solution are mixed and then diluted 20 times. A few drops of 1 per cent ferric citrate 
solution is added to the diluted solution. 
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the seedlings. It was found by experiment that continuous light — 
at least, over a period of one month — ^was not harmful to the seedlings; 
on the contrary, continuous illumination stimulated the development 
of new foliage. 

Experiments were made to learn at what air temperature and rela- 
tive humidity the best development of the seedhngs takes place and 
at what point the seedhngs begin to suffer from the influence of 
these two factors. It was found that rapid growth occurred with 
temperatures approximating 18® to 22® C. and a relative humidity 
above 35 per cent. The seedlings suffered when the temperature 
was above 24® and also when the relative humidity was below 20 per 
cent. The harmful effect of heat was offset by a high relative humid- 
ity, the maximum safe temperature being about 30° in a saturated 
atmosphere. It was observed also that a moist atmosphere encour- 
ages the development of new fohage and that dry air retards it. 
Because of this, the air temperature of the laboratory was kept as 
near 20° as possible, the lights were not used when the temperature 
unavoidably rose above 22®, and the air was kept moist by sprinkling 
water on the floor. Unless these precautions are taken it is likely 
that seedlings will die, and in some instances their death might erron- 
eously be attributed to the action of a fungus if culture experiments 
are in progress. 

In an experiment to determine the effect of the nitrogen source 
on the development of the seedlings, one set of seedlings was supplied 
with inorganic nitrogenous compounds, another set was furnished 
nitrogen in organic compounds (asparagine, peptone, glycine, and 
uric acid), and a tliird set was supplied with a nutrient solution 
containing no nitrogenous compounds. The seedlings with nitrates 
developed normally; at the end of the experiment (six months) they 
had comparatively short but many-branched roots, foliage of a dark- 
green color, and had increased about inches in height. The 
seedlings without nitrogen had a sickly appearance; their roots were 
long and sparsely branched, the foliage was yellow with many 
needles dropping, and they had grown scarcely half an inch in height. 
The seedlii^s supplied witli nitrogen from organic compounds likewise 
exhibited signs of nitrogen starvation. 

GROWING FUNGI IN PURE CULTURES 

A number of fimgi were cultured by placing fragments of clean 
tissue from the interior of fruit bodies on nutrient agar in Petri dishes. 
When sufficient mycehum had developed in these initial cultures, 
subcultures were made in other dishes and in test tubes. The best 
cultures were obtained from fresh, young fruit bodies collected during 
the i^riod of maximum fruit-body production (in October) ; mycelium 
obtained from fruit bodies collect^ much earlier or later grew very 
slowly. The following fungi were cultured : ^ 

Cliiocyhe rivulosa Fr. var angustifolia Kauff . 

Clitocybe diatreta Fr. 

Trieholoma peraonatum Fr. 

7 There was no reason to expect variations in the cultures of any fungus due solely to the location from 
whJ<di the fruit body was obtained. As a matter of record, the inoculation experiments to be described were 
made with cultures of firuit bodies obtained from the white pine and Norway spruce plantations, as follows: 
L9t9pvr4ion gmmatum Batseh., from spruce stand, Nov. 8, 1828; Trieholoma peroomUum Fr., from spruce 
st^, Oet. 17, 1«28; CtUoevbe dUUrOa Fr., from pine stand, Nov. 4, 1928; CaloaHa oaeeata Vahl., from spruce 
stand, Nov. 8; 1928; CUtoeybe rUntlon Fr. var. anguetifolia Eauft., from pine stand, Oct. 4, 1028. 
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Calvatia saccata Vahl. 

Corlinarius sp. 

Lycoperdon gemmatuin Batscli. 

Amanita muscaria Fr. 

Boletus pipcratus Bull. 

dortinari us cinnamorneus Fr. 

Colly bia hutryacea Fr. 

The initial cultures and the subcultures in test tubes were made on 
a nutrient agar.® Tests were made to determine the effect of various 
nutrient substances on the growth rate of the fungi.® Among the 
media used in these experiments were the following: Sugar agars 
which contained only matose, glucose, or sucrose and agar and water; 
an agar containing the compounds included in the Reid nutrient 
solution for seedlings; humus agars containing a decoction made by 
boiling raw humus from the spruce plantation; asparagine agar, in 
which the nitrogenous compounds of the regular nutrient agar were 
replaced by asparagine; Leonian agar;^® malt extract agar; and 
several “tannin” agars made by adding to the media mentioned a 
little concentrated solution (of tannin and probably other substances) 
extracted from cork by boiling it in water. 

Sucrose appeared to be less adapted to the needs of these fungi than 
(uthor maltose or glucose, but no appreciable growth of mycelium was 
obtained unless a sugar was included in the culture medium. Most 
of the fungi made an extensive growth of mycelium on agar containing 
only sugar, but satisfactory development over a long period was not 
obtained unless mineral salts also were available. Although these 
fungi thrive in humus soil, none of them lived on the agar containing 
humus decoction; it is possible that boiling the humus may have 
produced substances toxic to the fungi. The addition of a little 
concentrated cork extract (probably consisting chiefly of tannin) to 
the culture medium materially aided the mycelial development of all 
fungi. The regular nutrient agar (see footnote 8) and this apar with 
cork extract produced the most lapid development of mycelium. 

The individual fungi varied greatly in rate of mycelial growth. 
Clitocyhe rhulosa made the most rapid spread of mycelium; this 
fungus grew rapidly from the time that cultures were started. Other 
species — e. g., Calvatia saccata. — spread very slowly for several days 
and then grew vigorously. Boletvs piperatuSf Amanita muscaria, and 
Cortinarius sp. made no appreciable grow’tli on any of these media. 

The mycelium developed most rapidly at temperatures approxi- 
mating 22° C. At 15° all fungi grew very slowly, and mycelial spread 
likewise decreased very markedly when the cultures were kept at 30°. 
At 36° there was almost no increase in spread of the mycelium. 

These results ai* ** e for fungi in artificial culture and may not represent 
the actual development of the fungi when growing in their native 
habitats. Amanita muscaria.j for example, nonually may be a slow- 
growing species, but it undoubtedly grows much faster in nature than 


* This agar had the following cnmiiosition: Agar,* 15 g; maltose. 5 g; peptone, 0.1 g; MgSOi, 0.5 g; 
( ’aCNOj)*. 0.6 g; Kn!p04. 0.25 g: distilled w'ater, " 950 cm*. 

* The culture.s were kept at a nnihvm temperature of 22® C. and the mean radial growth of the mycelium 

was measuroti every da.x’. For about half of the cultures an additional inm.sijroment was made by tracing 
the daily spread of the iiiycolluin with wax pencil on the bottom of the Petri dish; these impressions subse- 
quently were transferr^ to sheets of paftor and the area of each “ring" obtained with a idanimeter; this 
indicated the daily sjtroad of mycelium in square inches. The re.sulf« thus obtained agreed very closely 
with those obtained by measuring the mean radial growth. , ^ 

** I.s)onian agar has the following composition; Agar, 15 g; malt extract, 6.25 g; maltose, 6.25 g; MgbOi, 
.62 g; KllaPOi, 1.26 g; distilled water, 1.000 cin». , ^ ^ , 

* g and era* are the abbreviations recently adopted by the Government Printing Oluce for grams and 
cubic centimeters, respectively. 
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in these cultures. A year after those experiments were made they 
wore repeated with approximately the same results. 

FORMATION OF MYCORRHIZAE IN PURE CULTURES 

Several investigators have produced mycoiThizae in pure cultures, 
though not always in abundance. A r6sum6 of the methods used has 
already been given. In the experiments now to be described a variety 
of media and several types of containers were used with the object of 
finding the culture medium and type of container best suited to long- 
time experiments of this character. The media employed were agar, 
sand, sawdust, cork, and combinations of these. Test tubes, flasks, 
and earthen flowerpots were used as containers for the fuiigus-seedling 
cultures. 

Cui/rURE« IN Test Tubes 

Two types of cultures were made in test tubes. In one, disinfected 
seeds were placed on slanted nutrient agar and inocula added as the 
seeds germinated. In the other, a vigorous growth of mycelium fii;st 
was obtained on slanted agar; then against this the roots of a sterile 
seedling were held in place either with sand or with sawdust.'^ AVhen 
seeds were planted the tube was kept closed with a cotton stopper; 
when seedlings wore used, the tube was filled to the top with the sand 
or sawdust and the top and most of the stem of the seedling protruded 
from the tube. 

In these experiments wdth test tubes, rnycorrhizae were formed on 
the roots of W’hite pine and Noi’way spruce seedlings with Tricholoma 
personatunif (Mtocyhe diatreta, C. rimilosa var. aogustifoHa^ and 
Lycoperdon gemmatumj none of which had been reported as a mycor- 
rhiza foriner. The experinionts gave no indication as to the 
physiological etfect of inycprrhizae on the seedlings, for one set of 
seedlings (in sand) died while another set (in sawdust) lived w^hen 
exposed to exactly the same species of fungi. 

The experiments also revealed certain undesirable features in the 
use of test tubes. Raising seedlings from the seed within stopjiered 
test tubes was not successful because aerial grow'th of the mycelium 
covered the foliage of the seedling. If sand is used as a restraining 
medium it must be used in larger quantity than can be contained in 
test tubes of the size employed (20 by 175 mm); unless this is done 
the sand will dry out and the seedlings will die. The indications are 
that sawdust is a better medium, physically, than sand for these 
experiments; it holds water better and, being more porous, pcimits a 
much better development of the mycelium than sand. In spite of 
these advantages, however, sawdust probably can not be used because 
of the difficulty of sterilizing it. 

CuLTUHKs IN Flasks 

The first flask cultm*es were continuations of the attempt to form 
rnycorrhizae in wholly inclosed cultures. Erlenmyer flasks of 500 
to 1,000 cm'* capacity were used. One of the following culture media 
was used in each flask: (1) A layer of sand about 2 inches deep, (2) a 

u Subsequent mention of sterile" seedlings implies that the seedlings were grown from disinfected seeds 
under sterOe conditions in sterilised siind and before transplanting to cultures were washed quickly in 95 
per cent alcohol and rinsed in sterile distilled water. 
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layer of gi*aniilated cork, (8) a layer of cork mixed with sand, or (4) 
a e.ork and sand mixture over a thin layei- of agar bearing a vigorous 
gi’owth of mycelium. Disinfected seeds were planted in some of 
the liasks; sterile seedlings were trans]>lanted to others. 

The same species of fungi and seedlings were. us(»d as in the t(»st- 
tube cultures to form mycorrhizae in these flasks. It was impossible, 
liowever, to continue the experiments for more than a few months 
because the humidity of the air within the flasks so promoted the 
aerial growth of the my<‘elium that the seedlings were smothered. 
Another difficulty was lack of drainage; seedlings and fungi died from 
excess moisture in tlie ctilture medium. A thii’d difficulty was the 
rapid development of Peni(illi\im and other contaminating organisms 
within the flasks these pests did not appear in open cultures. 
Finally, it W'as impossible to maintain a large number of cultures. 

An attempt was made to improve the moisture conditions w^ithin 
these flasks. For drainage, a short piece of glass tubing W'as fused 
into the side of the flask about half an inch above the bottom. To 
decrease the moisture content of the air witliin the flask an inverted 
U-shaped Uibe was inserted in the cotton stopper with one end of 
the tube inside the flask and the other end outside. These improve- 
ments overcame the excessively moist condition of the medium bu( 
did not materially reduce the atmospherics moisture within the flasks. 

Simultaneous with thc'se wholly inclosed cultures, another experi- 
ment W'as made lusing small (125 <*m‘0 Krleninyer flasks and leaving 
the foliage and most <»f the stem of the seedling j)rotruding from the 
flask. One hundrcHl and four of these flasks w^ere Tised, filled to the 
top wdth sand or with the cork and sand mixture. Half of tlu* flasks 
w'ere treated with a nuiricmt solution containing nitrogen in inorganic 
compounds (nitrates), and the others were given a solution contain- 
ing nitrogen in an organic <‘om])ouiid (asparagine). By leaving the 
foliage of the seedlings outside the flasks the aerial grow th of mycelium 
w as pi-evcmted. The ex])eriment lasted tw o Jnonths and w as discon- 
tinued because of the excessive mortality of the seedlings. Afycoj*- 
rhizac w^ej*e formed on the sc'edlings (pine and sjmice) by the four 
spccdes of fungi pr<*viously mentioned, but it was found by experiment 
that the seedlings died not because of the formation of mycorrhizae 
but because of the moist condition of the media in the flasks. In 
most of the flasks the medium was either very dry or was sogg>' with 
moisture. The living seedlings w'ere in the few' flasks containing 
media that were moderately moist. These results again dejiion- 
sti*aU^d that drainage is a most important fac'tor, and seedlings latei* 
were successfully grown in flasks having drainage holes in theij* 
bottoms. 

C’Ui.TUREs IN Pots 

The experiments thus far performed demonstrated that certain 
fungi foiin mycoiThizae on northern white pine and Norway sjuuce. 

An effort was made to find some inaUniul which would make llie sand more porous. Among the suit- 
stances were glass beads, gla.ss wool, » nuxturo of agjir an<i sand stirred togciher while hot nod allowed to 
cool, granulated cork, and a mixture of cork and .saiul. 'J'he mixture of cork nnd sand was found to be very 
satisfactory. I'he cork was boiled iu small (luantilies for 10 minutes in each of three changes of water to 
remove mo.st of the tannin and other sohible substances. A lest showed tliat 21 <!hangos of water did not 
entirely remove the tannin but 3 changes of water removed a very large part of it. As the experiment .s 
with fungous cultures demouslrated, cork extract, probably consisting mainly of tannin, dues not inhibit 
the development of the fungi used in these e.\i)eriiuents; on the contrary, it promotes the growth of the 
mycelium. After boiling, the cork was placed in tiasks nnd autwlaved for one hour, then rinsed in tw<i 
changes of sterile distilled water and dried at 105® C. for about four hours, or uni il dry. The mi.\turo con- 
sisted of 1 part sand to 4 parts of gr^mulated cork, by volume. 
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The restilts gave several equally important clues as to the require- 
ments for a method which could be used in extended experiments. 
Not only must this method be adapted to cultures lasting two or 
three years, but the method must be so devised that, the physical 
conditions existing in the cultures being kept as constant as possible, 
any observed change in the condition of the seedlings could be attrib- 
uted to some other cause. A mixtiire of cork and sand had proved 
to be a suitable porous culture medium; drainage was found to be 
absolutely essential to avoid impossible growth conditions for the seed- 
ling; also, aerial growth of mycelium could apparently be prevented 
by permitting the foliage of the seedlings to grow in the open. 

The use of earthen flowerpots as containers for the cultures was 
suggested very early by the rcvsults obtained in the experiments with 
test tubes and flasks. Preliminary tests with flowerpots were started 
as soon as difficulties were encountered in the use of flasks and the 
necessary foimdation in experience was thus laid in time to take full 
advantage of the conclusions finally drawn from the flask experiments. 

Sixty 5-inch pots wore prepared in a uniform manner. A shallow, 
V-shapod groove (for drainage) was cut in a new cork along the entire 
length of one side and the cork inserted in the large drainage hole of a 
new clay flowerpot. The pot was autoclaved for 3)^ hours at 15 
pounds pressure. Sand was autoclaved in flasks for hours and 
then heated at 105° C. for about 6 hours, or until dry. New granu- 
lated cork was boiled in three changes of water, autoclaved, rins(»(l, 
and dried in the manner already described. Subsequent operations 
were performed as rapidly as possible and under sterile conditions. 
The sand and cork wen^ mixed in the pot in the proportion of 1 part 
of sand to 4 parts of cork by volimie. Sterile nutrient solution was 
added until the cork and sand mixture was thoroughly moistened. 
Mycelium from cultures made on agar containing only maltose was 
stirred into the cork and sand mixture. Seedlings raised under sterile 
conditions from disinfected seeds were washed in 95 per cent alcohol, 
rinsed in sterile distilled water, and transplanted to the pots. A 
layer of sterilized dry sand was poured over the top of the cork and 
sand mixture in each pot and moistened with distilled water. 

Seven seedlings were placed in each pot: 3 spruce seedlings 3 weeks 
old, 3 spruce seedlings 5 months old, and 1 seedling of white pine 6 
months old. The fungi used were Trlcholoina personatum, Clitocyhe 
rimdosa, and Lycoperdon gemmatum. 

Nutrient solutions were applied in three forms: (1) Witli inorganic 
nitrogenous compounds (nitrates), (2) with organic nitrogenous com- 
pounds (asparagme, uric acid, peptone, or glycine), and (3) without 
nitrogenous compounds. Each nutrient solution contained 0.5 per 
cent maltose. 

For the series with inorganic nitrogenous compounds there were 
4 pots for each fungus species and a check of 4 pots without fungi, a 
total of 16 pots and 112 seedlings. For the asparagine series there 
were 4 pots for each fimgus and a check of 4 pots without fungi, a 
total of 16 pots and 112 seedlings. For each of the uric acid, glycine, 
and peptone groups there were 2 pots for each fungus and a check of 
2 pots without fungi, a total of 8 pots and 56 seedlings for each of the 
three groups. For the nitrogen-free series there was 1 pot for each 
fungus ana a check of 1 pot, a total of 4 pots and 28 seedlings. In 
all^ 420 seedlings were us^. 
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Another experiment was started in which single seedlings were 
planted in 2}^-inch and 3-inch pots instead of 5-inch pots. In this 
series oiiljr spruce seedlings and Triehohma yermnatum were used. 
It was decided as a result of this experiment that the smaller pots for 
single plants arc best, since, if a seedling dies during the course of the 
experiment, it may then be removed for examination without disturb- 
ing other seedlings. The results of this experiment arc included with 
those obtained with the larger pots. 

Artificial light w'as supplied to the seedlings for about ciglit hours 
each day. Distilled water was sprinkled over the pots daily in suffi- 
cient quantity to keep the sand layer moist. The small groove in the 
cork stopper allowed surplus water to drain away gradually but pre- 
vented water and nutrients from passing too rapidly through the 
pot. Nutrients were applied every 10 days by making a small hole 
in the sand layer and pouring the solution directly into the substratum 
through a funnel. In previous experiments it had been found that 
any of the nutrient .solutions used in this experiment could be poured 
over pots of sand without danger of ha^^ng such a common laboratory 
|)eat as Penicillium appear on the surface of the sand. These con- 
taminations did appear, however, on the sides of the ])ots just above 
the sand layer where nutrient solutions had fallen in sprinkling them* 
over the i)ots. By applying the solutions directly to the substratum 
the tops of the pots were kept clean throughout the course of the 
experiment. 

The intrusion of Penicilli\im of other (‘ontaminating organisms was 
guarded against as much as possible, but there was no assurance that 
they would not reach tlu^ interior of these cultures, nor any reason to 
believe that these organisms would not grow in the cork and sand 
layer. At close of the experiment, liowever, not one instance of such 
contamination was found in these pots. Furthermore there is no 
known instance* of P(*nicillium or like pests forming mycorrhizae. 
Fuchs made a number of attempts to form mycorrhizae with several 
species of Penicillium which he had extracted from I'oots bearing 
mycorrhiza(* but was unsuc<M*ssful. lie reports that the mycelium of 
these fungi did not penetrate the roots and (*ven if a hyphal mantle 
was formed it could be washed from the root. 

To check Fuchs^ results, 7 pots of seedlings were prepared as for 
the regular experimental work and were inoculated with cultures of 
fungi as follows: (1) 2 pots with Penwillium sp. from an agar plate 
exposed in the laboratory, (2) 1 pot with /Vfjw'Wmm sp. cultiired froin 
undisinfectod Noi-A^'ay spruce seeds, (3) 1 i)ot with Rhizopus sp. 
cultured from undisinfected Norway spruce seeds, (4) 1 pot with 
Rhizopus sp. from an agar plate exposed in the laboratory, and (5) 2 
pots with the only Mucors available, M. lamprospora and M. spine- 
scens. The pots were examined four months later and in no instance 
was there any evidence of mycorrhiza formation. Except for one 
pine seedling, the plants were all living in a healthy, vigorous con^ 
dition. Mi(*roscopic examination of the roots of these seedlings, 
including the dead pine, disclosed no mycelium within the roots, and 
on only three seedlings w’as there an appreciable amount of mycelium 
on the exterior of the roots. As will be described shortly, mycorrhizae 
were formed in every pot ino<;ulated with Basidiomycete fungi. It 
appears, therefore, that the ordinary contaminations likely to reach 

111164r~32 2 
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cultures in this particular laboratory may be disregarded in so far 
as niycorrhiza formation is (roncerned^. 

The experiment with the large pots lasted four and one-half months. 
Mycorrhizae were formed on the roots of both pine and spruce seed- 
lings in every inocidated pot. A few seedlings had less than 50 per 
cent of their rootlets infected, but on most of the seedlings all, or 
practically all, of the rootlets were infected with the fungous mycelium. 
The experiment again demonstrated that Tricholorna personalumy 
Lycoperdon gemmatum, and Olitoeyhe rimlosa var. angustifoUa form 
mycorrhizae on white pine and Norway spruce seedlings. 

The experiment gave no indication that the nitrogen source (i. e., 
w'hether from organic or from inorganic compounds) has any marked 
influence on the rapidity of mycorrhiza formation or the abundance 
of mycorrhizae. Mycorrhizae wwe formed just as rapidly and in as 
large numbers in the cultures with peptone as a nitrogen source as in 
the cultures with nitrates. In the cultures where nitrogen was 
omitted from the nutrient solution, mycorrhizae were formed with no 
less rapidity but in somcwdiat less abundance than in the cultiu'cs 
with nitrogen. 

In the series in which no nitrogen (except, perhaps, fiom the cork) 
was given to the cultures, the seedlmgs developed normally for nearly 
two months and then in both the inoculated and check pots the 
foliage began to fade and there was a slight decrease in the develop- 
ment of the needles. Two pine seedlings of the inoculated pots and 
one pine and one sjiruce seedling of the check pots were dead at the 
end of the experiment. Irrespective of the presence of mycorrhizae, 
these seedlings without nitrogen had a sickly a])pearance. 

In the nitrate series the seedlings in botli check and inoculated 
pots were in excellent condition at the end of the ex])eriment. Their 
foliage was a fresh, green (rolor and new needles were develo])ing 
rapidly. Absolutel}r no difference could be seen between the infecU'd 
seedlings and the uninfected seedlings. One pine seedling died at the 
age of six weeks in a pot inoculated with Lycoperdon gem mat inn. 
The other seedlings, im^luding those in the check ])ots, were aliv(* at 
the end of the ex])eriinent. 

In the as])aragine, uric acid, and glycine s('ries the lesults were 
almost the same as with the nitrate series. No difference could lx', 
detected between the appearance of the infected and the uninfected 
seedlings. The foliage of these seedlings was dark green and the 
needle development w^as vigorous. One pine seedling with aspara- 
gine and Clitocybe rivulosa, and one spruce seedling with uric acid 
and Trichploma personatum w’ere dead one month after the start of 
the experiment. 

In tlie peptone series the results obtained were similar to those of 
the nitrogen-free series. The foli^e was yellowish green and the 
needles appeared to be somewhat shorter than in the other scries. 
Except for the color of the foliage, these differences were not pro- 
nounced, As nearly as could be determined, there was no appre- 
ciable difference in the condition of the infected and the uninfected 
seedlings. One pine of the check set and one young spruce with 
Tricholorna personaium were dead one month after the start of the 
experiment. 
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The excellent seedling survival in these experiments with pots is 
noteworthy when compared with the results obtained in the experi- 
ments with flasks and test tubes. The survival with pots w'as over 
98 per cent, and this includes the nitrogen-free cultures. Only two 
seedlings died in check pots, and these were in the peptone and the 
nitrogen-free series. 

These experiments yielded no absolute proof that the presence of 
mycorrhizae is either detrimental or beneficial to the seedlings. Nor 
did the residts support or refute the hypothesis that mycorrhizae 
aid seedlings to obtain nitrogen from complex organic compounds. 
The experiments did substantiate previous investigations which indi- 
cated that seedlings suffer from lack of nitrogen when this element is 
present only in complex organic compounds such as peptone. 

DEVELOPMENT OF THE MYCORRHIZAL MANTLE 

The development of the fungous mantle on seedling roots was 
studied in cultures made in glass-sided boxes. The most successful 
type of box Avas made of galvanized sheet iron and was inches 
tall, 8 inches wide, and 2 inches thick, 'with a sheet of plate glass in 
one of the larger faces. The glass surface w^as covei*ed with black 
paper, except when an examination w’^as being made. Difficulties in 
proper placement of seedlings w^re overcome as follows: A box w^as 
filled with sand and moistened thoroughly with nutrient solution; the 
box was then placed so that the glass side was uppermost and the 
glass was withdrawn from the box; the seedlings and inocula w’cre 
placed as desired on the surface of the sand, and the glass j)late care- 
fully pushed back into the l)Ox. This box would be greatly improved 
if tlie sides wore so hinged that the glass plate could be liftcnl directly 
from the sand and replaced without sliding. 

In the tests made in these boxes mycelium on the roots grew' very 
slowiy unless in contact with the actively growing part of the root 
(ip, wiieii a pronounced increase in development promptly occurred. 
In most of the mycorrhizae the mycelium apparently reached the 
root at the tip, uniformly enveloped the tip, and then spread back 
over the root in a thin mantle at the rate of 2 or 3 mm a week. How 
rapidly the mantle increased in thickness is not known, nor has suffi- 
cient study been made to show how^ soon the mycelium begins to 
penetrate between the outermost cells of the root. In two months 
mycorrhizae were produced that w^ere comparable to those of the 
regular pot cultures. 

‘The location of the infected root tips was marked with wax pencil 
on the glass side, and in this way it was determined that the infected 
roots made no appreciable increase in length after the formation of 
the fungous mantle. The initial presence of the mycelium did not 
entirely stop the elongation of the root, but its rate of elongation 
suddenly decreased upon the formation of a rudimentary hyphal 
mantle. 

Microscopic examination of older roots to which strands of hyi)hae 
apparently w^cre attached disclosed no penetration of mycelium into 
the root cells. This indicates that mycorrhiza formation depends 
upon the presence of an actively growing root tip. Masui asserts 
that he found mycelium within older roots, but Melin w^as unable to 
verify this finding. 
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The mycorrhizae produced in pure cultures were killed and fixed 
in weak chromo-acetic acid solution; after washing, dehydrating, 
and embedding in paraffin, those mycorrhizae were sectioned on a 




B 


FiovitE 2.<-A, Mycorrhiza on Norway spruce, formed in synthesis with Clitoeifbe rimUm (asparaKine 
series); B, mycorrhizae on Norway spruce, formed in synthesis with ClUwvhe. riPulota (nitrate serira) 

microtome aad stained in Delafield’s liaematoxylon and safranine or 
with Haneze HI (32).'^ 

»Tbe stain has the following comiwsitlon; Malachite green, 0.5 g; acid fuch8in,0.1 g; napthol yellow, 
0.01 water, 160 cm*; uid alcohol (05 per cent); 60 cm*. 
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The mycorrhizae formed in the culture experiments closely resem- 
bled those collected in the field, except that the coralloid habit was 
less pronounced and the fimpnis mantles were somewhat thinner. 
The results so far obtained do not imlicate any appreciable differ- 
ence in the external appearance of the mycx)rrhizae which could be 
attributed to the nitrogen source. 

The mycorrhizae formed on Norway spruce by Clitocybe riindosa 
var. angustifolia were slightly coralloid, from 2 to 7 mm long, and 
had grayish white mantles with numerous short projecting strands 
of hyphae. (Figs. 1 and 2, A and B.) The mantle was only 4 m to 
Om in thickness and was composed of loosely interwoven filaments 
about 3m in diameter, fre(|uently septate, and with numerous clamp 
connections. Within the root the mycelium was exclusively inter- 
cellular and penetrated the root in some mycorrhizae as far as the 



Figure 3.- Mycorrhiwie on Norway spruce, formed in synthesis with Trichohma personatutn 

(nitrate series) 

central cylinder; this intercellular mycelium was darker than that of 
the mantle. 

The mycorrhizae of Norway spruce and Tricholoma personatuin 
(figs. 3 and 4, and pi. 2, A and B) w^ere much more coralloid than those 
produced on spruce by Clitocybe rimdosa (figs. 1 and 2). The mantles 
were yellowish white, with smooth outer surfaces, and were about 
10m or 12m in thi<*.kness. The tightly interlaced hyphae of tlie mantles 
were about 3 m in diameter, had numerous clamp connections, and 
were frecjuently septate. Characteristic of these mycorrhizae w'ere 
theii* distinctly bulbous tips ; those collected in the field and suspected 
of being formed by this fungus also had bulbous tips. Except at the 
veiy tips of the roots the mycelium penetrated the root as far as the 
central cylinder and sometimes invaded that portion of the root. 
In practically all of the mycorrhizae examined, the mycelium was 
both intercoilular and intracellular and wjis slightly darker inside 
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the root than in the mantle. No trace of the ^‘digestion’’ of the 
intracellular hyphae could be found. The root colls in the cortical 
tissue contained minute granular bodies similar to those described 
by Masiii, who expressed the opinion that these granules are com- 



Fjciuke 4 .'-Mycorrhi 7 .ae on Norway .spmoe, formed in synthesis with T^itcholtma perimnatum Caspar- 

ttgine series) 

^o’sed of a tannic substance. Melin describes essentially the same 
condition in mycorrhizae of Finns sylvestrisj but thinks that the 
granular bodies are secreted by the fungus. Masui found them, 
however, in normal, uiynfected roots. 
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The mycorrhizae of Norway s)3riiec and Lycoperdon gemmatum 
5) were simple, but coralloid inycM)rrhizao occasionally were 
found. Their mantles we.re white, often with a pale-yellow tint, and 
the many short hyphal strands ])rojecting: from the mantles gave 
these mycorrhizae a hairy ai)pearance. The mantles were approxi- 
mately {) mm long and from lO/x to 16/x thick. The mycelium was 
3.5/x or 4ji£ in diameter, frequently septate but having only a few 
clamp connections and penetrating the root intercellularly almost to 
the central cylinder. In several instances an intracellular develop- 



Fiuukk S. -Mywwrliiztie t>n Norway spniw, formed in synthesis with Kveoperdon gemmatum 

(nitrate series) 


ment of the mycelium was suspected, but this could not be established 
definitely. 

The mycorrhizae of Norway spruce and Clitocybe diatreta were 
very similar to those formed on spruce with C. rirulosa, although 
the mantles were whiter. As with most of the mycorrhizae formed 
in culture the roots were but slightly coralloid. The mantles were 
composed of loosely interwoven liyphae about 3/x or 3.5/x in diameter, 
frequently septate, and with a great inany clamp connections; 
numerous short filaments of hypnae projecting from the mantle 
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gave these mycorrhizae a hairy appearance. The root was pene- 
trated intercellularly by mycelium as far as the central cylinder, 
and in a few instances mycelium was foiind in the central region 
of the root. 

With one exception, the mycorrhizae formed on northern white 
pine by these four species of fungi were very similar to the cor- 
responding mycorrhizae on Norway spruce, and require no separate 
description. (Fig. 6, A and B.) Trichdoma personatumy however, 
formed mycorrhizae with hairy mantles rather than the smooth 
mantles characteristic of the mycorrhizae which it produced on 
spruce. The bulbous tip of the spruce mycorrhizae also was less 
evident in the pine mycorrhizae formed by T. personatum. On 
white pine the mycorrhizal mantles developed by all of these fungi 
were tninner and less compact than those formed on spruce; the 



Kiovre 6.— a. Early stages of mycorrhlza formation on white pine, in syntiiesiK with Lycopernon 
gemmatum (nitrate series); mycorrhizae on white pine, formed in .synthesis with Trichohma 
perwaatum (nitrate series) 


roots, however, were penetrated by the mycelium just as far in the 
pine as in the spruce. 

DISCUSSION 

Despite the numerous investigations which have been made there 
is very little known about the exact way in which mycorrhizae aid 
or harm the associated higher plants. Experimental evidence of 
unquestionable character is exceedingly spame. Much evidence 
which might be acceptable because of accurate and cjireful methods 
must be taken with reservation because of insuffhdent data; con- 
clusions of considerable importance have been based on experimenta- 
tion with a very small number of seedlings, and in a few instances 
pages have been written on the results obtained with only one 
seeolitig. Especially when conclusions concerning the physiological 
significance of mycorrhizae are based on measurement of seedling 
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height growth, size of loaf, or similar characters which usually vary 
widely, a large number of seedlings must be used in order to escape 
errors due to random sampling and to offset the inherent differences 
present in certain species of trees. Furtherjnore, there niust be as 
much infection on the roots of these seedlings as occurs in nature; 
the formation of mycorrhizae on 5 or 10 per cent of the rootlets of 
a seedling does not simulate natural conditions. Moreover, when 
seedlings die it must be known without doubt whether death was 
caused by the formation of mycorrhizae or other factors. 

Although there is but little definite proof, there are excellent 
indications as to the influence of mycorrhizae on seedling development. 
There are indications, for example, that the fungus prepares complex 
nitrogenous compounds for absorption by the plant. In an analysis 
of seedlings having peptone (an organic nitrogenous compound) as a 
souj-ce of nitrogen, Melin found that seedlings with mycorrhizae 
contained 8 per cent inore nitrogen at the end of three years than 
uninfected seedlings in similar cultures. Just how this transfer of 
nitrogen is effected has not yet been determined. According to 
llesselinan (7), the detritus in a conifer forest (that is, in the ‘‘raw 
humus’’ type) decomposes very slowly, with the liberation of ammonia 
from the organic compounds. Very little is known of the chemical 
composition of humus, and it is dimcult to discuss a reaction of this 
sort without accurate knowledge of the organic compounds present 
in humus. At all events, it is generally conceded that very little 
ammonia is produced in raw humus andf that most of the ammonia 
which is produced is captured by the various microorganisms present. 
Melin states that in raw humus soils the nitrogen content is low in 
])roportion to the carbon and for this reason the microorganisms can 
compete with the higher plants for nitrogen. He considers that 
mycorrhizae act as absorbing organs for the tree and thus enable 
the tree to obtain nitrogen in spite of the competition by the micro- 
organisms. Frank (5), Hesselman (^), and Von Tubeuf (SI) also 
assert that mycorrhizae aid the tree in absorbing organic nitrogen. 

The experiments described in this paper suggest that seedlings 
without mycorrhizae have difficulty in obtaining nitrogen when it is 
present only in some complex organic compound. These experi- 
ments, however, do not prove that the presence of mycorrhizae 
enables seedlings to obtain nitrogen from such compounds. Cultures 
lasting for two or three years may modify this statement. 

Melin, Stahl, and Rexhausen reported that inorganic compounds 
were absorbed equally well by infected atid uninfected roots. Stahl 
and several other investigator have emphasized the importance of 
the fungous sheath in facilitating the passage of water into the root. 
As a matter of fact, Stahl considered that the formation of mycorrhizae 
represented an ecological adaptation to soil conditions. 

Melin has shown that neither seedlings without mycorrhizae nor 
those with mycorrhizae can assimilate free nitrogen from the atmos- 
phere. These results are at variance with those of P. E. Muller, who 
held that his own experiments with Finns monteTia indicated the 
ability of the tree to assimilate nitrogen from the air if the tree had 
mycorrhizae on its roots. 

The fungi c^ertainly benefit by association with the roots of seed- 
lings. Hansteen-Cranner (6) states that the roots of higher plants 
excrete various substances, and other investigators have found that 
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the jfrowth of is accelerated when the fungi are in contact with 
the roots of plants presuinahly possessing such excretions. Accord- 
ing to Barthel (Jf), Wilson found that the development of many 
species of bacteria is stimulated when they arc supplied with root 
excretions. Melin discovered that the dry weight of fungous myce- 
lium was from 40 to 56 times greater when grown in contact with 
seeds or seedlings than when grown alone. Another possibility, hith- 
erto unconsidered and as yet unproved, is that the fungi utilize the 
large amount of organic material which is liberated from the root 
caps of plants by abrasion. It is not necessary for the fungus to pene- 
trate the root to secure this material. After entering the root, the 
fungus undoubtedly obtains carbohydrates, especially glucose, and 
many other substances from the higher plant. Masui found that 
fungi obtain amino a.cids, carbohydrates, nitrates, phosphorus, potas- 
sium, ammonia, and tannin from the roots. Peklo also thouglit that 
fungi might obtain tannin from the roots, whereas Melin declares 
that the mycorrhizal fungi do not obtain tannin from the roots and 
are unable to use tannin. The expenments described in this paper in- 
dicate that the development of certain mycorrhizal fungi is acceler- 
ated by adding to their nutrient media tannic substances extracted 
from cork. 

Iirespective of the precise manner in which the fungi or seedlings 
individually are aided or harmed by their mutual association, the gen- 
eral effect of the mycorrhizal association is of great importance. Par- 
ticularly is this true with seedlings in forest nurseries. Kessell (11) 
reports the failure of a number of nurseries recently started in Aus- 
tralia on new soil. The seedlings in these nurseries germinated but 
soon turned yellow and were stunted in growth after reaching a 
height of about 3 inches. Experiments made to determine the cause 
of those failures failed to dertionstrate that season of sowing, watei- 
ing, shading, commercial fertilizers, ])athological conditions, or hydro- 
gen-ion concentration of the soil was responsible for the poor health 
of these seedlings. At this point a quantity of soil from an old nurs- 
ery was dressed into the topsoil of the new nursexy. After this the 
seedlings developed normally. The same results were obtained by 
planting seedlings from an old nursery among the seed beds on the 
new area. Kessell believes that the absence of the proper fungi to 
form iiiycorrhizae is the factor chiefly responsible for the failure of 
the sowings in the newly established nurseries. Kelley (10) reports 
a striking^ similar condition in a nursery established on new soil in 
Pennsylvania. The widespread occurrence of mycorrhizae on the 
roots of nursery seedlings has been noted generally. In three nurseries 
the present writer has found abundant mycorrhizae on the roots of 
practically all seedlings examined. (Fig. 7.) In view of the abun- 
dance of mycorrhizae it may be pertinent to inquire if a normal” 
seedling can possibly be one without mycorrhizae? 

It is the writer’s opinion that the presence of mycorrhizae is bene- 
ficial to seedlings and probably also to trees in most instances. Al- 
though only a part of the total root system of a large tree is in the 
upper layer of soil where mycorrhizae are found, most of the small 
roots are in this upper stratum, and in this horizon are also many of 
the nutrient substances essential to plant life. Many species of trees 
undoubtedly rely on the roots inhabiting this shallow layer to supply 
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thorn with most of their miiionil food siibstnnces. If mycorrhizae do 
TU>t aid the tr(50 in securing these substances, they at least do not 
appear to hinder the tree in obtaining them unaided. 

As evidence of pnrasilisnj one may cite the cessation of growth in 
length of the infected roots and their apparent death after a few 
months. Hut if this arginncnt is advanced, one inust also be pre- 
pared to explain how it is that mycorrhizae can be so prevalent and 



FKiruK 7.--~Mycorrhizae on roots of 4*year-ol(! wliite pine seetiliutt from a forest iiurstiry 


yet not visibly injui’e the plants. No c.xperiinentaJ evidence so far 
advanced proves beyond doubt that the |)resence of mycorrhizae is 
detrimental to trees or seedlings. On the contrary there is consider- 
able experimental and circumstantial evidence to show that the 
formation of mycorrhizae either is not harmful to the trees, is bene- 
ficial to the trees, or is even necessary to the vigorous growth of the 
plants. The ‘‘balance of benefit'* theory may not always hold, for 
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it seems illogical to attribute to a fungus ordinarily harmless the 
death of a seedling or tree that is djing for want of the proper food 
substances. The death of sickljr seedlings has been reported as 
being due chiefly to fungous activity, but it was not stated that 
mycorrhizae actually were foiined, and unless mycorrhizae were 
formed it is difficult to see how the presence of mycorrhizae could 
result in the death of the seedlings. 

Finally the writer wishes again to emphasize the importance of 
basing conclusions on s^iples sufficiently large. A lai;ge number of 
seedlings must be used in these syntheses in order to eliminate exper- 
imental error and to offset the inherent differences present in certain 
species of trees. Furthermore, mycorrhizae must be present in abun- 
dance. The writer believes that large samples can be used if pots, 
instead of flasks, are employed for the cultures. 

SUMMARY 

Results of a field study of mycorrhizae made in several plantations 
of conifers include the seasonal occurrence of mycorrhizae, the various 
types found, the pH values for soil and humus, and a microscopic 
examination of a very large number of mycorrhizae. 

By means of a technic devised for successfully fonning mycorrhizae 
on the roots of seedlings grown under controlled conditions, such 
formations have been brought about repeatedly on the roots of 
northern white pine and Norway spruce seedlings in syntheses with 
Tricholoma personatumy Lycoperdon gemmatumy Cliiocybe riimlosa 
angustijoliay and C. diatretay and these fungi have been definitely 
established as mycorrhiza fonners. Further, eight other species are 
suspected of forming mycorrhizae on northern white })ine and Norway 
spruce. 

Mycorrhizae have been fQrmed in cultures where nitrogen was 
supplied by inorganic compounds (nitrates) and in cultures where 
nitrogen was supplied in organic compounds (asparagine, uric acid, 
glycine, and peptone). Mycorrhizae also have been formed in 
cultures where no nitrogen was included in the nutrient solution. 

A small amount of evidence was obtained to show that nitrogen is 
readily assimilated by seedlings without mycorrhizae if the nitrogen 
is present in inorganic compounds, but that when the nitrogen is 
present only in organic compounds, especiall;)^ complex proteins, the 
seedlings exhibit signs of nitrogen starvation. The presence of 
mycorrhizae did nothing to alleviate this apparent starvation. 
Indeed, no conclusive proof was obtained to show that the presence 
of mycorrhizae on the roots of seedlings is either helpful or harmful 
to the seedlings. 

The formation of mycorrhizae depends on the contact of the right 
species of fungous mycelium with a growing root tip. No penetration 
of fungous hyphae was found in older roots. Elongation of a rootlet 
ceased upon formation of a fungous mantle around its tip. The fungus 
appeared to be immediately stimulated by contact with the root tip. 

Attempts to foim mycorrhizae with species of Penicilliura, Rhizopus, 
and Mucor were unsuccessful. 

Information was obtained concerning the nutrient and temperature 
retirements of several fungi which form mycorrhizae. 

Fungi'li^d for more than a year in artificial culture did not lose 
their iM^ity to form mycorrhizae rapidly and in large numbers. 
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CHROMOSOMES IN GRASS SORGHUMS^ 

By A. E. LoNOLisy 

Asuociale Uotanialy Diviaion of Gmclies and liio physics, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

Studies have been undertaken by several investigators to determine 
whether variations in chromosome number or abnormalities in chromo- 
some behavior during reduction phases are associated with taxonomic 
differences, unusual genetic behavior, or unexpected results in plant- 
breeding ex})eriments. 

The present study of chromosome number in grass sorghums was 
suggested ])y the fact that perennial teosiiite has twice as many 
chromosomes as the annual fonn and its close relative, corn iZen 
rnaiffi L.).^ It seemed of interest to examine the chromosome number 
in annual and perennial sorghums, since there are, for example, two 
species, Sorghum mdanensis (Piper) 8tapf. and S\ hahpevsiu (L.) 
IVrs., that are hardly distinguishable except that the former is an 
annual and the latter produces rhizomes and behaves as a peronniaL 
This condition is almost a duplicate of that found in annual and peren- 
nial teosinte {Kuchheria mexicaua Schrad. and K. peremm Ilitchc.). 
It seemed possible that a chromosome study of these two and other 
sorghums might show a difference similar to that found in teosinte. 

Plants of 10 different sorghum species were grown in the green- 
houses at Washington.'^ The cytological preparations were made from 
fresh material stained with iron-aceto-carmine solution. The pollen 
mother cells were collected while undergoing the reduction division 
phases. One species, S, remkolor Andei*ss., was also studied after 
the anthers were killed, embedded, sectioned , and stained with Haiden- 
hain^s haeinaloxvlin. 

JOHNSON GRASS 

Sorghum Itulepcnfiis- (Johnson grass) sends off rhizomes from (Ik* cj-owu 
which live over winter and start up as new' ])lanls the follow ing spring. 
This species has 20 bivalent chromosomes which are favorably dis- 
tributed for counting in the prophase of the limt reduction division. 
Figure 1, 1), shows clearly the 20 paired chromosomes of S. haleprnsifi. 
Prophases of the two daughter cells of S. halepensis showing 20 chro- 
mosomes in each cell are illustrated in Figure 1 , E. 

ANNUAL SORGHUMS 

Seven species of sorgluini that do not ])ut out rhizomes from the 
crown and normally live only one season were found to have 10 
bivalent chromosomes in prophases of the first division of the pollen 
mother cells. 


' Keceivod for publication July 28, l»3l; issued Ajuil, l»32. 

3 liONGLKY, A. E. cnROMiXSOMKS IN MAIZE ANU MAIZE RELATIVES. Joiir. Agr. HcscarcJi 28: 673-682, 
illiis. 1924. 

* H. N. Vinall. of the Division of Forage C'rops and Discuses, supplied the seed of the sorghums studied 
and cooperatctl in the work as it progri*s.s(Hi. 
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Sorghum sudanensisj the Sudan grass of commerce, is an annual 
and has only 10 chromosomes, in contrast to the 20 found in the very 
similar perennial Johnson grass. Three reduction phases of S. sudan- 
ensis are shown in Figure 1, A-^C. The chromosomes of six other 
annuals are shown in Figure 2. A, B, and C show first-division meta- 
phase, anaphase, and early telophase, respectively, of S. verticUli- 
fiorum (Steud.) Stapf., a wild grass sorghum very common in South 
Africa, where it is known as Tabucki grass. I’his species also has 
the haploid chromosome number 10. 

Characteristic spindles of the first-division late metaphase and ana- 
phase of Sorghum virgatum are shown in Figure 2, D and E. The 
10 chromosomes divide almost simultaneously and the halves move 



regularly to the two poles. Figure 2, F, shows the 10 bivalent chromo- 
somes of S. drummondii at a time when rather characteristic differ- 
ences are apparent. G is a later phase, showing a side view of the 
1 0 chromosomes as they divide. I and J show the 10 bivalent chromo- 
somes of S, hewimnii and S', arundinaceumf respectively. A second- 
division metaphase of S. arundiuaceum is illustrated in K. An end 
view of the chromosomes of both cells is shown. More frequently 
the preparations show the two spindles at right angles, a position 
that is not so favorable for determining the number of chromosomes 
in the two daughter colls. 

An eighth annual sorghum sjiecies, Sorghum versicolor ^ a short-lived 
annual coming from southeastern Africa, was foimd to have five as its 
haploid chromosome number. Figure 3, A-F, shows six characteristic 
in the reduction divisions of the developing pollen mother cells 
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of this species. Material from this species was unusually favorable 
material for chromosome study; the chromosomes are large, the num- 
ber small, and many of the second-division spindles showed the five 
V-shaped chromosomes going to the poles in an almost stereotyped 
manner. 



FiflUKE 2.— Chromosomes in pollen mother cells of sorghums, X 1,500: A, H, and C, Urst-tlivision 
phases in Sorghum verticiUiflorum; I) and E, fimt>divisioTi metaphase and anaphase in vfrgatnm 
THack.) Stapf.; F and O, diakinesis and firstnlivisjon metaphase in tS'. dnimmondti Nee.'<; IT, 
first-division metaphase in S.purpureoserieeumCEiBchst,) Aschers.and Schwoinf.; 1, first-division 
rnotaphase in S. hewtaonii: J, firHt<division metaphase In S. arundinaceum (Willd.) Stapf,- K, 
second-division metaphase in arundimeeum 

The haploid chromosome number of Sorghum purpureo-serlceum 
was fmmd to be 20, as seen in diakinesis of the pollen mother cells. 
Figure 2, II, shows a typical first-division metaphase in w^hich 20 
chromosomes can be readily counted. This annual representative 
of the genus Sorghum is an e"xc.eption to the usual chromosome condi- 
tion in this genus, in which, with this exception, all annual forms were 
found to have 10 or less as their haploid chromosome number. 

111164—32 3 
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DISCUSSION 
THE GENUS SORGHUAf 

The outstanding result of this determination of chromosome num- 
bers in a few representative grass sorghums is that the pei*ennial 
Johnson grass has double the number of chromosomes found in the 
annuals. This difference between Johnson grass and Sudan grass in 
chromosome number was also found in other annual sorghum species 
available for study. In all but two a haploid chromosome number of 
10 was found in the annual forms and double this number in the 
perennial form. The two exceptions are Sorghum purpureo-sericeum ^ 
which has 20 chromosomes, and S, versicolor^ which has only five. 



It is probably a coincidence that the decrease in chromosome number 
is usually found associated with a reduction in life span. S, versicolor 
is a shorter-lived annual than any of the forms with 10 or more chro- 
mosomes. 

Kuwada^ was the first to study the chromosomes in sorghum. 
Ho found that S. vulgare Pers. has 10 as its reduced number. Marchal ® 
found the same number for this species, and the writer found no devi- 
ation from this number in any of the following varieties: Blackhull 
kafir, Dwarf Shantung kaoliang, feterita, Sumac sorgo, "VVliite kaoli- 
ang, Black Amber sorgo, Dwarf Yellow milo, and Dwarf White milo. 

Kvwada y. UBEa DIE CHROMOtSOUSiiZAnL VON ZEA MAYS L. Bot. Mag. [Tokyo] 29; 83-89, Jllos, 

CBHOHOaOHENZAUL VON ZEA MATE L. JOUT, Col. Sci., IlUp. Univ. Tokyo 89, Eft. 10, 148 

p.,' (Inte. 1919. 

• MaW^BAL, K. J. J. aECnERCHES sua LES VARIAKONS NVMftSlOUEB DBS CHROMOSOMES OAKS LA SiRIE 

VfeOi^LE. 108 p.. Ulus. Bnixellef). fioao.] 
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The habit of this species is that of an annual, and the chroiuosome 
number is that found in most of the annual grass sorghums. 

SORGHASTRUM NUTANS, CLOSELY RELATED TO SORGHUM 

Sorghastrum nutans (L.) Nash is a species that taxonomically is 
not far I’emoved from the sorghums. Church ® has found 20 to he the 
reduced chromosome number of this perennial grass, which is the 
number found in perennial sorghum species. 

OTHER GENERA OF ANDROPOGONEAE 

Among those genera of the tribe Andropogoneae which are more dis- 
tantly related to sorghum the analogy in chromosome numbers is not 
so close. In Erianthus, Bremer^ found 30 to be the haploid chromo- 
some number of four species. Miscariihus sine7isis var. zehrinus Beal 
was found by Church® to have 21 chromosomes in gametic cells. 
Artdropogon ischaemum L., according to Kuwada,® has 34, and A. 
scoparius Mich.x. and A. furcatus Muhl. have, respectively, 55/2 and 
34, according to Church, as their haploid chromosome numbers. 
In the genus Sacchaj‘um the lowest chromosome number reported is 
that of S. narenga (Hum.) Wall., which Bremer gives as 15. Other 
species and species hybrids with chmmosome numbers ranging from 
20 to more than 100 have been studied by Kuwada and by Bremer. 
All plants of these five genera are perennials, and the lowest chromo- 
some number found was 15; so that nothing contradictory to the rela- 
tionship between high chromosome number and perennial habit is 
encountered in this group. 

E.xceptions similar to that found in Sorghum purpureo-serkeum 
were found in species from the more distantly related genera. These 
exceptions are Imperata cylindrica (liam.) Beauv., which Bremer 
found had 10 as its haploid chromosojne number, and Cymbopogon 
nardus (L.) Rendle, in which Kuwada " found this same low num- 
ber. Both of these species are perennial, and unless there exist re- 
lated annual species with five chromosomes, the relationship found 
between high chromosome niunber and the perennial character is 
not a rule that applies to all genera of the tribe Andropogoneae. 

The association between low chromosome number and the annual 
habit finds but one exception among the sorghum species and only 
a few exceptions in the closer relatives that have been examined 
cytolo^cally. The chromosome condition is identical with that 
found in Euchlaena and its relatives, in which the perennial species 
has double the chromosome number of the annual form. 

CONCLUSION 

If the chromosomes of the perennial sorghums represent a duplica- 
tion of the chromosome set found in annual forms, as seems to be t;hc 
case in perennial teosinte, it indicates that the perennial plants have 
been derived from annual ancestors having 10 chromosomes. Whether 
this be the case or not, chromosome number is a character that should 
be of considerable value in the classification of the sorghums. 


• ChUBCH. Q. L. MKIOTIC PHBNOMSNA IN CERTAIN GBAUINEAE, U. PANICKAK AND ANDROPOGONEAE. 

Bot. Qa*. U: 63-84, fllus. 1929. 

» BhBMER, O. the CYTOI.OOY OF THE SUGARCANE. Ocnetica 7: [2931-322, IHUS. 1926. 

•Church, G.L, Op.cit. 

• Kurtada, Y, Op. clt. (Soe footnote 4, second citation.) 

!• Bremer, G. Op. cit. 

u Kuvapa, Y. Op. cit. (See footnote 4, second citotion.) 




THE GROWTH CURVE IN BARLEY^ 


By Mehritt N. Pope - 

Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United Stales Department of Agriculture 

INTRODUCTION 

When an invos(%ation of the catalase Jietivity in relation to the 
growth of barley was initiated it was found to involve a (comprehensive 
study of the growth (curve of the plant. The results of the growth 
studies proved to be of sufficient interest to warrant a separate paper 
on this aspect of the original problem. A second paper deals specifi- 
cally with catalase activity in relation to the growth curve (f 7).** 

MATERIAL AND METHODS 

Plants on which growth measurements were taken were growm at the 
Arlington Experiment Fann, Rosslyn, Va. Two varieties of barley 
were sown; Hannchen, C. I.^ No. 531, a 2-rowed spring type that 
stools abundantly; and Tennessee Winter, C. I. No. 3546, a 6-rowed 
variety that stools less freely. One plot of each variety was sown bn 
March 14, 1928. The soil in these plots was fairly good but was 
subject to considerable erosion. 

Daily samplings for growdh measurements were begun w ith Hann- 
chen on Manch 28 and with Tenne.s.see Winter on March 30 and were 
continiKMl to dune 4. After this date the interval between samplings 
was lengthened to two or more days because of the shortage of suit- 
able material. At the beginning the daily samples, (consisting of 20 
plants, wore all taken from one end of the plot, working towrard the 
other end on succeeding days. The plots soon showed considerable 
variability; so the most nearly uniform part of each plot w^as divided 
transversely into six parts of approximately equal area, and the same 
number of plants wore taken, as they came, from each division to make 
up the daily samples. On April 17 variability was further reduced by 
thinning the plants 2 to 3 inches apart in the drill row' and by Tej(oting 
abnormally small ones. 

Since it is impossible to obtain all the roots of a field-grown barley 
plant, the present investigation was made upon that portion of the 
plant above the seed. Later, w^hen the pennaneiit roots appeared, the 
p<>rtion of the stem above them was used. The tops varied in weight 
with the number of tillers per plant; so the main-shoot measurements 
only were made the basis of this study, as the main shoots varied less 
than the entire plants. The variation in the weights of individual 
plants as compared with that in the weights of their main shoots is 
shown in Figure 1. 

1 Received for fmbliuation July 16, 103J; issued April, 1932. 'I'his paper is adapted from a dissertation 
submitted to the Oraduate School of the University of Maryland in partial fulfillineut of the reciuiroments 
for the degree of doctor of philosophy. 

* The writer a^dcnowledgos his indebtedness to Dr. C. O. Applcman, of the University of Maryland, for 
many helpful suggestions and criticisms. 

> Reference is made by number (italic) to Ijiterature Cited, p. 340. 

* C. 1. No. refers to accession number of the Division of Cereal Crops and Diseases, formerly of 
Cereal Investigations. 
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The plants were dug or pulled, wrapped in moist cheesecloth, and 
taken to the laboratory. The main shoots were then removed, 
placed again in moist cheesecloth, and kept there until they were 
measured and weighed. Abnormally small plants without vigorous 
tillers were discarded. The length in centimeters of the main shoot 
from seed or crown to the extreme leaf tip and the ^een weight of the 
main shoot were determined for each plant. WhUe the plants were 
small, representative shoots were bulked and dried to constant 
weight in a vacuum oven at 80° C. The average dry weight per plant 
was then calculated from the average green weight. As the plants 
became larger all the main shoots in a day’s sample were clipped into 
approximately Ji-inch pieces and mixed thoroughly. Determinations 



of dry matter were made on duplicate 5-g.® samples, or even on 
10;^.® samples when the plants became still larger. 

By the eighty-fifth day most of the kernels had started to develop. 
Beginning on this day separate measurements of both length and weight 
were made on the culm and the spike. These measurements made 
possible a study of the growth of the shoot exclusive of the kernels. 

Notes were also taken on the condition of reserve foods in seed endo- 
sperm, leaf stage, presence and stage of development of seminal and 
permanent roots, presence of tillers, appearance of boot leaf, emer- 
gence and length of awns, emergence of spike, color and dehiscence of 
anthers, age of developing kernel, browning of awn tips, browning of 
glumes, and cessation of translocation in the kernels as shown by 
degree of drying. 

FACTORS AFFECTING RELIABILITY OF THE DATA 

An ideal experiment on growth would be one conducted under tem- 
perature and moisture conoitions exactly optimum at all times. This 
study was made upon plants grown under conditions of about normal 
temMrature and slightly subnormal but sufficient rainfall. On the 
whole the climatic conditions were rather favorable for spring-sown 


< gis.tbe abbrtylatlon roceptly adopted by the Qqvernmeot Printiag Offloe for grams. 


Ffth. If), im 


325 


The Grovylh Ouroe in Barley 


barley. Variations in amount of growth from the ideal may be ex- 
pected and when piesent are reflected in the curve of growth. A 
different siiccession of weather changes would pi’oduce a slightly dif- 
ferent curve, as is indicated by the work of (Gregory {5), win.), in study- 
ing the effect of environment on the growth of barley, found a high 
positive correlation between day temperature and both net assimila< 
tion rate and efficiency index, and a significantly positive correlation 
t)ctween day tempera- 
ture and relative leaf 
growth. The correla- 
tion between night 
temperature and tliese 
three indicators of 
growth was signifi- 
cantly negative in each 
case. Relative leaf 
giow'th was highly and 
negatively correlated 
with radiation, and effi- 
ciency index was inde- 
pendent of radiation. 

Total height, or the 
length fiom crown to 
farthest leaf-tip exten- 
sion, indicates fairly 
well the growth stage 
of a plant. As a nieas- 
11 re of growth it is, 
however, subject to 
certain sources of er- 
ror. The leaves of a 
grass are alternate, 
and growth occurs in 
the basal region of the 
leaf. Each leaf has 
its own grand period 
of growth, and there- 
fore the grand period 
of growth, as indicated 
by the curve of the 
heiijht of the plant, 
varies with the growing activity of the leaf extending the great- 
est distance distally from the crown. The younger leaf will be past 
its early slowr-growmg stage when it pushes out beyond the tip of th(» 
next older leaf which has just about finished its period of rapid growth. 
If the height of a single plant is measured at intervals short enough, 
such as are shown in figure 2, the curve of grow th wdll show* a succes- 
sion of accelerations corresponding to the appearance of the tip of 
young, actively growing leaves. This error is greatly reduced by 
avera^ng the measurements of a plant population which varies in 
number and stage of growing leaves. It is clearly present, how^eyer, 
in the he^ht-^owth curves at about the time of endosperm exhaustion. 
At this time tne seedlings were very nearly in the same stage, the first 
leaf nearly at maximum length and the second leaf, while actively 
growdng, needing several days’ growth to equal the first in length. 
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Another source of error is the fact that neither the absolute nor the 
relative height of a plant variety is constant for different environmen- 
tal conditions. This was shown by Harlan (7). Abyssinian barley 
was tall at Chico, Calif., and very short at St. Paul, Minn., Williston, 
N. Dak., and Moc^casin, Mont. Odessa barley was tall at Williston 
and Moc-casin and vei*y short at St. Paul, and stood eighth on the list 
of 13 varieties at Chico. This error, due to varietal variation, is at 
least partially overcome by sowing the two types of barley. 

The use of green weight in measuring growth also is subject to sev- 
eral errors. At the stage characterized by rapid increase of dry mat- 
ter there may be an actual loss of water, causing the green weight to 
remain approximately stationaiy. As the plant nears maturity the 
moisture content decreases and the green weight approaches the dry 
weight in value. At this stage green weights in^cate little or no 
growth, w^hen actually that process is progressing rapidly. Green 
weight during active growth also varies according to the tissue turgid- 
ity, which in turn depends on the available soil moisture and the air 
moisture. Small unremoved drops of rain or dew on the plant at sam- 
pling time also introduce error. 

Deposition, or at least translocation, of solids in the plant continues 
until growth ceases and the plant pai*ts die or become dormant. Dry 
weight is the most reliable measure of growth and is emphasized in this 
study. Even this standard is not, however, free from error. At all 
stages of development and growth, parts of the plant are liable to 
mechanical and pathological injuries which are not always recogniz- 
able. This is especially true during the maturing phases, when the 
leaves gradually die; they are also leached by rain and may be broken 
off by Wind, The situation is still further complicated by the fact that 
from flowering to maturity the developing seeds (w^hich are new" plants 
parasitic on the parent) wer^. weijghed with the spike, since it was 
impracticable to separate the grain from th(j seed coats, the latter 
bemg maternal tissues which it is practically impossible to remove 
from the caryopsis. An approximation of the dry weight of the shoot 
without the seeds was reached by adding to the average dry weight of 
the culm the average dry weight of the spike on the day of flowering. 
This is recognized as only an approximation but is considered rather 
close, as the growth of the maternal tissues in the spike probably is 
very nearly completed at this stage. 

WEATHER CONDITIONS DURING THE GROWING PERIOD 

Mean daily temperatures for the period from March 1 to July 8, 
1928, computed with the aid of the planimeter from thermograph 
records, are shown in Figure 3, and amount and distribution of rainfall 
in Figure 4. A summary of the weather conditions for the same period 
in Washington, 2 miles away, is given in Table 1. 

The cool weather, especially m June, allowed an almost normal 
development of the plants. This cool weather, together with a slight 
deficiency in rainfall, was unfavorable to such plant diseases as ore 
caused by Helminthosporium and rust, wliich often result in serious 
injury to spring-sown grains in Virginia. 
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IlHll 

March i 

A[»ril 

1 

May 

1 

1 )ntcs of kilUiiK frosts 

.\(x;unjulHtod o.\cc.ss t+l or Ooflcioncy (-) in Iciu- 

pcratiiro since, first day of iiioiith ... ** F 

K.v( 5 <‘ss (+J or (leficifiiicy (-) in procipitation thi.s 

10 , 20,31 

16 , 17 , IS 1 

,, j 

i -40 

-12 

1 “ 23 j 

Tuontli as compared with normal, inches 

AccnimilattHl excess ( +) or doliciency (-) since : 

- 1.58 

+ 1.25 

+ 0.31 ! 

Jan. 1 incluvi , > 

Mean percentage of relative humidity: 

- 2 . 82 : 

- 1.57 

1 

~ 1 . 26 1 


8 ii. 111. 

Lociil noon 

8p. m 

Normal percentage of relative luiinidity: 

8 a. m 

Local noon 

8 p. in 

Moan percentage sunshine 

Normal percentage .sunshine 

I’otttl hours posslolc sunshine 


74 I 
55 . 


I 

66 ! 
60 : 
61 ! 
371 . I . 


74 ! 
51 i 
60 I 

6U I 

60 I 
68 1 
62 

61 

444.0 ’ 


f“) 

-40 
- 1 . 47 
- 2.47 


53 

62 

446.0 


.Inly 

(I- 0) 


f") 
+28 
- 1.16 
- 3 . (Xi 


70 i 
62 ' 
70 i 

1 

74 , 

66 I 


62 

63 

^78 
ft 57 
ft 73 
86 
ft 64 
133 . 3 


« None. * For the inonth. 

DEVELOPMENTAL STAGES OF THE BARLEY PLANT 

Morphologically there arc certain definite stagCvS in the development 
of the barley plant. These stages and tlie plant age at which they 
occurred in this study are noted in Table 2. The placing of these 
stages in the growth curve should aid in interpreting the latter. 
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Table 2. — Morphological stages of developmeM in the barley plant, and the plant 
age at which these stages occurred at the Arlington Experiment Farm, Rosslyn, 
Va., in 1928 


Riages of d(*vo.lor>nu‘nt 


ilaunc^en 

variety 


Tennessee Winter 
variety (spring- 
sown) 


Dale 


’ Plant 
I sge 


Dale 


Plant 

age 


Mar. 

Apr. 

Apr. 

Apr. 

Aja-. 

Apr. 

-do... 


Apr. 
Apr. 
May 
May 
M ay 
May 
June 
June 
June 


Pays 

in 

22 

2r> 

27 

:i3 

34 

34 

30 

41 

40 

05 

08 

78 

80 

&n 

05 


Mar. 31 


Apr. 5 
Apr. 7 
Apr. 17 
...do 


Apr. 20 
Apr. 21 
May 2 
May 18 
May 21 
May 30 
June 2 
June. 7 


I July 2j 


i 


no 


. June 10 
July 2 


Dayit 

17 


22 

24 

.34 

34 


37 

38 
40 
05 
08 
77 
80 
85 


•07 

no 


J*'ir.st leaf, 

Second leaf 

Kiidospcnii nearly exhauste<l . 

Scutelluni shriveled 

Third leaf 

("rown well defined 

Crown roots started — 

Tillers first api)ear — 

Fourth leaf 

Tillers well develoixul 

Jointing. 


Basal loaves uiost.lj- dead . 

Moot leaf .showing 

First awns emerging 

First flowering-.. 

Tip of boot loAf dying 

Awns brow'n at tip 

Spikes nearly dried out... 


EXPERIMENTAL DATA 

GHOWTH IN LENGTH 

Tlio lojigth-^rowlh curves of the two varieties, 'reiniossee Winter 
and Jfannehen, are given in Figures 5 and 0. These curves .show tliat 
Itie first leaf of the j)lnnts grew^ rapidly in length up to April 8, when 
the endosperm w as almost exhausted. Growtii of the crown root s w as 
first evident on April 17, coincident with a second increase in rapid 
elongation. It is true that this second increase followed a 3-day 
period of relatively high temperatures, but from a study of the large- 
scale graph (fig. 9) of the dry weights of the two varieties, it would 
seem that temperature as a factor might be disregarded, since Hann- 
chen showed an inflection in the curve at this time. 

About April 21 there began another period of slower grow-th. The 
temperatures during this period w^ere neither very high nor very low*. 
First tillers had appeared but had not yet develope^d good roots. By 
April 21 the tiller roots in Haiinchen Vere developing well and the 
curve again started upw’^ard. This increase, how^ever, again was 
accompanied by higher temperatures, so that here, too, it is difficult 
to determine whether the increase in growth rate was due to additional 
root tissue or to higher temperatures. Leaf length began to taper off 
rapidly in Tennessee Winter on eTiine 7, when first flowering occurred, 
the awn-tip length tapering off on Juno 17. In Hannchen floweiing 
occurred on June 7, but the leaf length tapered off much more slowly, 
and the awn-tip length grew' rapidly until June 17. 

With both tne baney varieties used in these experiments the results 
differ from those of Van de Sande-Bakhuyzen and Alsberg {21) with 
wheat, who found an inflection of the curve of length occurring at 
flowerings One factor contributing to this difference may be that 
wheat flowers at a later stage of elongation than does barley. 
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GROWTH IN WEIGHT 

The daily growth in weight of Tennessee Winter is shown in Figure 
7. This curve is comparatively smooth. Prior to May 2 the curves 
of both green and dry weights had risen only slightly above the b^e 
line. During this period length-growth rate of the shoot varied with 
stage of development much more than did weight-growth rate. 
However, a larger scale graph (fig. 9) shows a tapenng off in weight- 
growth rate as well as in length-growth rate coincident with exhaustion 
of the endosperm (second-leaf stage). Throughout this early period 
there is evident a gi*adual increase in weight-growth rate, which 
reached its maximum on May 24, shortly after jointing began. 

First flowering occurred on June 7, and after this date the green and 
dry weights of culm and spike were determined separately. In order 
to correct for kernel weight, the dry weight of the spike of June 7 was 
added to the diy weight of the culm on each of the days following that 
date. The sum of these two weights was the weight of the shoot. 
This procedure is believed to be justified, since the spike tissue, exclud- 
ing the kernels, had veiy nearly reached its maximum mass on June 7. 
Any eiTor occurring probably would bo on the side of less weight. 

It will be seen from the curve that when weights of the shoots minus 
the kernels are plotted as a continuation of the shoot curve before 
June 7, no perceptible inflection occurs until June 11. This again 
fails to agree with the results of Van de Sande-Bakhuyzeu and 
Alsberg (21) for the length-growth curve of wheat. The weight of the 
spike mone started an abrupt increase on June 7, as would be expected 
owing to the rapid increase in kernel mass. The weight of the culm 
alone increased at an equally rapid rate until elune 11, tapered off 
slightly on Jime 13, and after a orop on June 15 climbed again until 
June 19. After this date leaching by rain and leaf breakage caused 
a decided drop. As was found by Burd (2)y the total weight of the 
shoot plus kernels increased with almost no change in the direction of 
the curve to June 19 (97 days), when the awns commenced to turn 
brown at the tips. From this tune on the plants rapidly turned brown 
and the kernels finally dried out, being almost diy and waxy on July 2. 

The gi’owth in weight of Hannchen (fig. 8) differed somewhat from 
that of Tennessee Winter. In the early part of the growth period 
(up to April 7) Hannchen was generally heavier in both green and dry 
weights; from April 8 to 16 it was almost the same; but from April 1 8 
to maturity it was outstripped by Tennessee Winter. Final green and 
diy weights were much smaller for Hannchen. However, similar 
changes in the growth curve, as shown in Figure 9, occurred at very 
nearly the same points as in Tennessee Winter. There was an increase 
in rate of growth after May 2, when tillering became active, and a 
further acceleration beginning about May 22, shortly after jointing 
had been initiated. 

In determining the developmental stage of the plant a rough average 
of 20 plants was used. Temperature as a factor in momfying the 
curves in the period from April 17 to May 3 may be disregarded, since 
the inflections were initiated on different dates in the two varieties 
(fig. 9) and seem to have no relation to a variation in that period of 
about 29® F. in mean daily temperature. In order to hook up the 
stage of development more defimtely with the growth curve in this 
early period of growth, the curve of early weight growth in Hannchen 
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barley was again determined daily from 10 plant samples gi’own in the 
greenhouse at the Arlington farm dining the winter of 1930-31. 
(Fig. 10.) The ranges and variations in temperature were fairly uni- 
form from day to day and may be disregarded. On the eighteenth 
day tillers were first large enough to be detached and weighed 
separately. Two days later secondary suberown roots had appeared, 
and slightly exceeded 5 mm in length. These roots became functional 
the next day. Evidently this accession of root tissue was insufficient 
to supply nutrients to both main shoot and tillers, for while the gi owth 
rate of the plant was maintained almost without change, the rate 
of main-shoot CTOAvth slowed up materially until the thirty-eighth 
day, when all ^ants first acquired functional crown roots and their 
main shoots attained a new maximum growth rate. 

Like Tennessee Winter, Hannchen (fig. 8) shows no perceptible 
inflection of the weight-growth curve of the shoot without the kernels 
for a number of days. The slight inflection on June 15 becomes 
marked on June 20, about 12 days after flowering. 

DISCUSSION 

A number of investigators (f , 10, 11, 15, 16, 18) have shown the ex- 
istence of correlations between portions of the grow^th curve and 
definite stages in the development of the plant. Some (4, 6,11, 13, 
14j 16, 19, 21) believe that the w^ater or nutrient supply is the limiting 
factor in certain growth stages, or that competition for this material 
occurs betw^een different parts of the plant. 

The data herein presented indicate that lack of sufficient root 
tissue is a facstor that inhibits increase in dry weight in the barley 
plant before crown roots begin to function. Another flattening of the 
dry-weight curve, which is even more apparent in the length curve, 
occurs at the time of rapid tiller development and is aci'ompanied by 
enhanced growth of crown roots. The development and growrth of 
the spike primordium into the full-sized flowering head is accompanied 
by a rapid elongation and increase in dry weight of the whole shoot, 
lip to the beginning of this period of rapid elongation (“jointing” or 
“shooting”) the amount of absorptive tissue evidently has been a 
factor limiting the growth of the plant. At the time of most rapid 
tiller growth these young parts, growing much more actively than the 
main shoot, may compete successfully for the nutrients. The rapid 
growth of the tillers is accompanied by an increase in root growth un- 
til the tillers are nearly the size of the main shoot, when there is suf- 
ficient root tissue to supply both. Active jointing then follows. 
Another factor now^ enters to complicate the process. In order to 
maintain an upright posture the jointing shoot must be strong enough 
not only to support its own weight but successfully to resist wind 
action and at maturity to carry a heavy load of starch-laden seeds. 
This condition is met by the deposition of seemingly inactive materi- 
als, such as cellulose, lignin, silica, etc., in the culm. This process, of 
course, rapidly takes much tissue out of the realm of active metabolism, 
thereby slowing down the rate of growth. There is for some time, 
however, enough actively growing tissue to more than counterbalance 
this loss. But barley is a plant of determinate growth. Normally 
there is no branching at the upper nodes with the exception of the mod- 
ified branches and leaves which constitute the floral organs in the 
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spike. The flowering head is the terminus of the shoot. If this 
does not proliferate, length growth must cease and the inflection of 
the curve of awn-tip length will be the inflection of the curve of shoot 
growth. 

In contrast to the findings of Van de Sande-Bakhuyzcn and Als- 
berg {21) with wheat, there is in barley no my or inflection in total 
length or in total dry weight at flowering. There is, however, an 
inflection of the leaf-length curve at or shortly after flowering. This 
latter, however, does not affect the height of the plant. The growth 
habits of a plant must be considered in making such generalizations. 
Both maize and wheat extrude their flower heads above the leaf tips 
before flowering takes place. At anthesis the upward growth is about 
ready to stop. It is very different with barley, where flowering gen- 
erally occurs while the spike is still inclosed in the boot leaf. The 
last internode of the culm bearing the spike is still young and com- 
posed of soft growing tissue and continues to elongate until the spike 
emerges from the sheath and extends, in i»iost varieties, above the end 
of the distal culm leaf. The basal leayes are, for the most ])art, dead 
at the time jointing begins, and nc(*rosis proceeds distally, first appear- 
ing in the leaf tips and working back through the blade to the leaf 
sheath. The top or boot leaf begins to die at the tip when the kernels 
are about one-half or two-thirds their mature age, and the awn tips 
begin to brown a few days later. The culm axis or stalk loses its 
chforophyll rapidly at this time. However, the loaf sheaths protect 
the stalk from excessive drying for a considerable time and the vessels 
are still capable of conducting the soil solution to the still actively 
growing kernels. After the chlorophyllous tissue has ceased to func- 
tion there probably is still translocation of dry matter from the upper 
part of the stalk and the spike into the kernels even after the snoot 
has been harvested. This certainly is true when the kernels are imma- 
ture when harvested {9), 

If the growth in dry weight is considered, there is found a state of 
affairs entirely different from gi’owth in length. Not only does the 
inflection of the curve not occur at flowering, but there seems to be no 
true inflection at all. This is due to the fact that the growing seeds 
present in the spike serve as storage organs for an amount of dry 
matter which may equal or exceed the U)tal dry matter (‘ontained in 
the remainder of the shoot. The deposition of this material begins 
actively a few days after fertilization of the egg coll and continues for 
nearly a month, when structural difficulties abruptly halt growth {8), 

It seems to the writer that events occurring at the time of root 
formation, together with the acceptance of the compoTind-interest 
principle, may form the basis of a hypothesis applicable to the whole 
growth curve of plants. Postulating favorable environmental condi- 
tions^ rate of growth in the plant is largely y if not entirely y conditioned by 
the ma/ximum nutritional opportunities in different parts of the plant arid 
the ability of the plant from a physical ana chemical standpoint to take 
advantage of these opportunities, 

Accorain^ to this hypothesis the aerial portions of the young plant 
will grow with increasing rapidity according to the compound-interest 
formula, provided the roots have an absorbing and carrying capacity 
suffieirat to satisfy the nutritional needs of the plant. These ‘‘maxi- 
miMpa nutritional opportunities arc greatest during the middle of lie 
giowth period, where the compound-interest formula best fits the 
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curve, as is shown by its regular and steep ascent. As plant parts 
mature, witli the accumulation of inactive substances sucli as cellulose 
and lignin, there is relatively less tissue ca])abie of growth. Sucli 
inactive tissue is no longer “principal,” and “principal” increases 
more slowly or at a rate directly ])roportional to the actual amount of 
actively growing tissue. If a sullicient amount of actively growing 
tissue is maintained, the growth rate will continue constant. Such a 
condition exists in plants of indeterminate growth, such as the tomato. 
Here increase in size continues until the production of organs, such as 
flowers and fruits, destroys the requisite nutritional balance for active 
growth of the vegetative growing point. In a plant of determinate 
growth, such as barley, where blanching of the shoot does not occur 
normally and the spike is produced at the apex, growth continues in 
the culm and spike until inactive materials are laid down in all parts 
in sufficient amount to hinder enlargement. Growth will then stoj). 

in t he barley kernels grow th limitation is largely due to starch con- 
gestion. Such large amounts of this material are stored in the endo- 
sperm cells that mitotic division ceases, and under favorable conditions 
all the available cell space is filled with starch. This has been demon- 
strated by Cobb {S) in wheat. This deposition of starch in amounts 
sufficiently lai*ge to hinder cell division places a limit on the maximum 
size of the kejuel. Starch deposition proceeds until prevented by 
drying out, lack of necessary materials, or the tension of the cell walls. 

The slackening of top growth during root formation, as noted by 
Pearsall (/6‘) and Priestley and Evershed {18)y probably is due, in 
part at least, to the inability of available roots to absorb nutrients in 
sufficient amount to balance the photosynthetic activity possible in the 
leaves and stem. 

Any disappearance of w ater from the plant af flowering, as reported 
by Van de Sande-Hakhuyzen (20), would seem to be due merely to 
deposition of inactive material and consequent drying out of tissues 
that are approaching senescence. How^ever, Hurd-Karrer and Tay- 
lor (12y p.S97) found in their w ork w ith w heat that “ the physiological 
processes involved in flow ering did not exert any specific effect on their 
water content.” 


SUMMARY AND CONCLUSIONS 

The growth curve of the barley shoot without kernels is typically 
sigmoid, with certain slight variations from a perfectly smooth curve 
in both early and late stages. Such a curve is a (Himposite picture of 
the ^rand periods of grow th of all the organs and also of each individual 
cell in the measuied individual. 

Variations in the cinwc of early gi’ow th are associated with definite 
events in the development of the plant. The hypothesis that the 
structural inability of the existing roots to absorb nutrients is the 
facto; inhibiting growih in length is supported by the fact that this 
inhibition is removed as soon as new roots are formed and become 
functional. 

Growth rate in both length and weiglit is retarded at about the time 
first tillers are appearing and before their roots are established. 
When tiller roots become functional the curve rises more sharply. 

The curve of leaf length reaches inflection at about first flowering, 
but the curves of awn-tip length and total length of shoot reach inflec- 




CATALASE ACTIVITY IN RELATION TO THE GROWTH 
CURVE IN BARLEY^ 

Hy Mkiiuitt N. Popk - 

Agrononuittj Division of Cental Crops and Diseamst liuraaii of Plant Industry^ 
United Stales Department of Agriculture 

INTRODUCTION 

PheiiomcTiu associated with growth might be expected to exhibit a 
grand period paralleling that of growth itself. Catalase activity is 
well-nigh universal in living, growing tissue. It has been found to be 
correlated with various phases of metabolism, but its nature and func- 
tion are problematical. During a study of the growth curve of barley 
a parallel investipition was made upon catalase activity. The re.sults 
are reported in Inis pa])ei*. 

REVIEW OF LITERATURE 

Weiss and Harvey (1f^Y found catalase activity to be strongly corre- 
lated with growth in the pj'oliferation produced by the potato-wart 
disease in spile of the high acidity of the growing tissues. 

Heinicke {8) found not only that there was more catalase activity 
in the halves of apple trees fertilized with sodium nitrate than in those 
of the checks, but also that when only half the plant was given nitrate 
the portion directly above gave an increased catalase reaction. This 
indicated that the unfertilized half of the plant could be used as a 
check. Heinicke suggests that, since catalase activity shows the nitro- 
gen effect in the apple W'hen chemical analysis gives no significant dif- 
f(‘rence in nitrogen content, ‘4t is very probable that the ability to 
decompose hydrogen peroxide is a more sensitive measure of the meta- 
bolic status of the tissue than the usual chemical analysis.'^ He makes 
an interesting inference when he says: 

Many of tlie preparations of apple-leaf tissue show greater power to tiecoinpose 
hydrogen peroxide than is rcptirled in tlie literature for tissue from organs more 
aetively engaged in growth j)roccsRes. 

Auchter (;^) confirmed the lindings of Heinicke on apple-leaf tissue 
and found that catalase ttclivity was greatly increased in the leaves 
whenever nitrate of soda was applied to phints of privet, oak, and 
peach. In all these the growth bet^ime more vigorous and the plants 
contained a significantly [greater amount of nitrogen than did the 
<‘heck plants to which no nitrate was added. 

Shull and Davis {13) state that in the dimorphic stnnls of Xanthium, 
the upper seed, which shows a delayed germination, exhibits con-; 
stantly less catalase per unit of dry matter than does the lower seed. 

Rhine {12) believes that catalase activity is somehow related to the 
presence of oxygen and oxidation. She found, however, that during 

> Received for piiblicathm July Ifl, 1931; Issued April, 1932, 'I'his is the second paper adapted from a 
dissertation subinitted to the Uraduate School of the University of Alturyland in partial fulfillment of the 
req uireiiients for the liegree of doctor of ptii losopb y . 

* The writer acktiowl^ttes his indebtedness to J>r, O. Appleiiian, of the University of Maryland, for 
many helpful suRKestions and (triticisms. 

* Reference is made by number (italic) to Literature Cited, p 35.'). 


Journal of Agricultural Research 
Wa.*ihington, D. CL 


( 343 ) 


Vol, 44. No. 4 
Feb. 15, 1932 
Key No. G-«)6 



344 


Journal of AgnctUiuml Refiearch 


Vol. 44, No. 4 


germination as respiration rapidly increased catalase activity de- 
creased, and inferreo that the latter can not be a part of the respiratory 
mechanism. She concludes that catalase activity can be a measure 
of metabolism only when there is no rapid change in respiration. 

Knott {10) found that the youngest and oldest leaves of spina<'h 
usually are low in catalase activity, while those intennediate in age 
have higher and approximately equal activity. His results are open 
to the criticism that the young leaves probably contained a much 
lower dry-matter content, which shoula be corrected for, and the 
oldest leaves were yellowing and dying. 

Ezell and Crist (6*) found a significantly negative correlation between 
catalase activity and average weight of 65 lots of lettuce plants, and 
Haber (7) found that “catalase activity, growth, and yield were nega- 
tively correlated in the vegetatively mature leaves, green-mature 
fruit, and ripe fruit” in the tomato. 

There is much better agreement among plant y)hysiologists than 
among animal physiologists. Becht’s (3) results seem to indicate 
that the catalase reaction is unreliable as a measure of metabolism in 
animals. He found a variation of as much as 1,000 per cent in the 
blood of different dogs under “identical conditions.” Morgulis (11) 
placed frogs under temperature conditions which “it was estimated ” 
caused a change of 300 to 400 per cent in the metabolic rate, and 
found no accompanying influence on the catalase content of the frogs. 
He concluded that ‘4t is certain that it [catalase activity] is certainly 
not a measure of metabolic activity.” 

Burge (4) and Burge and Burge (5) are convinced that catalase 
activity is definitely associated with metabolism and with respiration 
in particular. 

MATERIAL AND METHODS 

Preliminary experiments •v^’ere run to d(‘.termine the most nearly 
practicable optimum conditions for measuring catalase activity in the 
tissues studied. The methods so determined were used throughout 
the investigation. 

The apparatus used (fig. 1) is a modification of the one described by 
Appleman (i). it consists of a square, wooden, motor-driven arm 
sliding through supports at either end and carrying a Bunzel tube (22 
mm. inside diameter), each arm of which has ample capacity for 4 c. c. 
of liquid. A flexible rubber tube of sufficient length to allow a full 
excursion of the shaker arm connects the Bunzel tube with a small- 
bore glass tube. This glass tube is in direct connection through a 
3 -way glass stopcock with the upper end of a 50 c. c. burette, the 
lower end of which is connected by a thick-wall rubber tube with the 
lower end of a second burette of the same capacity which may be 
raised or lowered at will to equalize the water levels in the two burettes. 
The gas-conducting portions of the apparatus are purposely made of 
small-bore material to reduce the volume of gas subject to temperature 
and pressure changes. No attempt was made to determine the vol- 
ume at normal temperature and pressure, because, as noted later, the 
error from this source is less than that from other variable, uncon- 
trolled factors. The Bunzel tube is immersed in a water thermostat 
electrically heated and controlled. A laiife-type heater is used, and 
the thennoregulator is of the mercury type, sensitive to about ±0.02® 
C., working through a mercury relay in which both poles are perma- 
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nontly hatlKHl in rnorciirv. Tho water teniporaturo is ecjiialized hy a 
motor-driven stirrer of the turlnne type. Tlie Bunzel tube is shaken 
at th(? rate of approximately 204 eomplete excursions f)(*r minute, and 
the thermostat is kej)t constant at 24.5°. In startin<^ the shaker 
motor the swit<4i is tJirown one second before the minute, which 
allows the first, mixture to occur approximately on the minute. 


i';- 


T- 



I.“-Apptmitus for Uie <loloriiiinotion of mtaliiso aclivify (wlfhoat thermostMlir o<juip- 
nient) 


Readinjjs are taken at the end of each successive minute for periods of 
3, 5, or 10 minutes. 

Determinations of catalase activity wore made in tlie following 
way : The main shoots of five plants of Hannchen spring barley (C. 1. ^ 
No. 531), selected at random from the 20 taken as a single day^s 


♦ C. I. refors to accession number of Division of Coreta Crops and Diseases, formerly Office of Cereal 
liivpstigaliom;. 
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sample for growth study, were clipped finely with shears and mixed 
thoronjrhly. From this composite a 5-g sample was weighed out 
and quickly treated with powdered calcium carbonate, the cut ends 
being covered to prevent acidity from developing at those points. 
A small quantity of water and where necessary a litth^. <puirtz sand 
that had been carefully cleaned and thoroughly washed were added 
and the mixture w as reduced in the mortar to a thin paste. Distilled 
water® w^as then added to make 250 cm‘\ The mixture was thoroughly 
stirred, and a 2 cm® sample, wdiich contained 0.04 g of green tissue, 
was pipetted into one arm of a Bunzel tube. In the other ann of the 
tube was placed 2 cm® of 12-volume Dioxogen (hydrogen peroxide), 
and the tube was attached to the shaker cork in the thermostat and 
left three minutes to come to temperature equilibrium. The 3-way 

cock in the top of the 
burette was opened 
and water leveled to 
0.0 cm®. At the end of 
the 3-minute period 
the cock wras turned 
so that passage from 
the Bunzel tube was 
open to the burette. 
One second before the 
minute the switch w^as 
thiwn, and the shak- 
ing began very nearly 
on the minute. Gas 

Fiourk 2,~Kelatioii between the volume of oxygen lilH^rateci from immediately began tO 
hydrogen peroxhle by 2 cm* of a tiwtue S(i.«;i)en8ion and the dihi* f Vio 

tion of that suspension OAOlveO on lUe 

mixture of the hydro- 
gen peroxide and the diluted plant material, and the displaced gas 
was collected in the burette. The winter surfaces in the burette 
and the leveling tube were leveled off and the number of cubic 
centimeters of gas evolved was read, estimating to 0.01 cm®, at the 
end of each minute for 10 successive minutes. Duplicate determina- 
tions were made. If the total amounts differed by as much as 1 cm®, 
a third sample was run and the average of the three used. The aver- 
age volume of gas evolved in 10 minutes was calculated for 0.008 g 
of dry matter, and this figure was taken as the catalase activity of 
the sample. This seems valid, as preliminaiy experiments have 
shown that through a rather wide range of dilutions catalase activity 
is proportional to the dilution. (Fig. 2.) 

pry matter detemiinations were made upon duplicate 5-gm. samples 
dried to constant weight at 80® C. in a vacuum of approximately 28 
inches of mercury. After flowering, when the kernels in the spike began 
to grow^ rapidly, the shoot was divided into spike and culm and dried in 
separate samples. The percentage of dry matter for total shoots was 
figured from the two determinations. 

Throughout the investigation care was taken to give all samples as 
nearly identical treatment as possible, and the results are believed to 
be consistent. 

» g and cm* are the abbreviatioos recently adopted by the Government Printing Office for grams 
and cttbib centimeter, respectively. 
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CURVE OF CATALASE ACTIVITY IN THE BARLEY PLANT 

1 II Table 1 are shown the following data for the main slioot of barley : 
Average length in centimetei’s, average dry weight in grams, catalase 
activity found in 0.04 g of gi*een tissue, and the catalase activity 
calculated for 0.008 g of dry matter of the daily samples. 

In Figure 3 the amount of catalase activity per unit of dry weight 
in the shoot of the Hannchen barley plant is plotted against time. On 
the same sheet are shown the curves of total length and total dry 
weight of main shoot. The stages of development of the plant on 
different dates also are indicated. 

Table 1. — Average length, average dry weight, and ccUalase activity in the main shoot 
of ftpring-sown Hannchen barley, 1928 


Day of harvest 


Lengih 

Dry 

(^jtalasc activity 
((h evfiJved in lo 
inituites) 

Date 

Days 

Jifler 

plantiioi; 

Weight 

Per 0.04 
gni. gr<<!on 
t is.suo 

Per 0.008 
gii). <iry 
mailer 



Mar. 28 

14 

Cm 

3.04 

Grams 

0. 0051 

Cm * 

C’w*» 

Mar. 29 - 

16 

3.29 

. 0056 

17. 93 

17. WJ 

Mar, :i0. 

16 

3.84 

.0068 

20.87 

20. 84 

Mar. HI 

17 

4. 70 

.0073 

21.51 

21. 03 


18 

4.41 

.0072 

17. 91 

18. 0:1 

Apr. 2 

19 

4.5H 

. 0086 

20. .54 

22. 02 

Apr. 3 

20 

5. 61 

.0091 

24. 37 

20. 74 

Apr. 4 - 

21 

5. 76 

. 0101 

2 : 1 . 51 

22. 42 

Apr. 6 

22 

6. 19 

.0106 

:io. 

26. 71 

Apr. fl 


7. <1.5, 

.0128 

25. 46 

24. 61 

Apr. 7 

24 

6. 76 

. 0160 

28. 64 

2 :$. 8-1 

Apr, 8... 

26 

7. 43 

. 0148 

19, 21 

20. (HI 

Apr. 9 

26 

7. ,5<i 

.0162 

15. 91 

14.98 

Apr. 10 

27 

7. <17 

.0164 

13. 29 

14. 22 

Apr. n. 

28 

7. .53 

. 017:$ 

17. 28 

10.54 

Apr. 12 

29 

8. It 

.0164 

17. 26 

17. 42 

Apr. 13 , 

30 

7. 36 

.0187 

14. 33 

M. :i3 

Apr. 14 - 

31 

8. 14 

.0184 

13. 32 

l:$. 43 

Apr. 15 

32 

8.25 

. (rjoy 

J2.92 

12.67 

Apr. 15 

33 

0.08 

. 0245 

ii.:$2 

10. 95 

Apr. 17 

.'14 

9.77 

. 0288 

10. 10 

8.72 

.\pr. IS. . . 

.3.5 

9. 26 

, 0262 

10. 73 

10. 21 

Apr, 19 - . 

36 

10. 3»i 

,o:$io 

i:$.90 

12.05 

Apr. 20 

37 

II. 16 

. 021M) 

12. 20 

14.24 

Apr. 21 - - 

38 

10.80 

. 0:$:$4 

1.5.06 

14. 03 

Apr. 22. _ . . 

39 

11 . 2:1 

. 0284 

i;$. :$.5 

15. 93 

Apr. 23 1 

i 40 

10. 96 ; 

; . (ViKO 

13. 29 

Hi. 40 

Apr. 24 1 

1 41 

11.00 

.0342 

14. 18 

1.5.73 

Apr, 25 

’ 42 

12. 16 1 

i . 0408 

14. 60 

Hi. :$o 

Apr. 26 

1 43 

12. 77 I 

1 .0437 

l:t. 40 

1.5.64 

Apr. 27 1 

44 

11.07 I 

1 . o:$29 

11. 25 

1.3, 88 

Apr. 28.,, i 

46 

12. 19 { 

1 .0406 

14. 06 

Hi. 00 

Apr. 29.. - 1 

40 

13. 06 

.0.505 

13. 95 

13.90 

Apr, 30.. . ! 

May 1 

47 

13.07 

.0.536 

17.07 

IS. 45 

48 

14.09 

. 0.5:$! 

16. 82 

19.31 

May 2 - 

49 

14. 16 ! 

.0568 

16.89 1 

19. 14 

May ;l. , . , - 

50 

1.5.70 i 

. 0606 

16. 72 

18. 61 

May 4 - 

61 

17.29 ! 

.0751 

17.74 

22. 48 

May 5 - 

62 

16.11 i 

.0692 

21.80 

25.29 

May 6 

.53 

16. 68 : 

.0779 

18.12 

22.76 

May? . - 

,54 

1 17.84 ; 

.0873 

22. 63 

2fi.34 

May 8. 

66 

16. 98 1 

.0809 

16. 47 

17.45 

Mayo - 

.56 

16. 47 i 

.0731 

13.60 

16.20 

May 10 ... 

67 

19. 16 1 

. 1024 

13.93 

14.91 

May 11-. - - 

68 

18. 33 : 

.0927 

16.50 

17. 10 

May 12.. - - 

59 

17.09 

.0792 

16. 65 

18.14 

May 13 — 

60 

17.91 ! 

.0950 

14. 76 

15.28 

May 14. 

61 

20.39 

. 1224 

1.5,64 

10. 21 

May 1.5 

62 

20.24 

. 1075 

14. 23 1 

16.4<$ 

May to - - 

63 

19.66 

. 112 :$ 

14. 16 

14. 35 

May 17 

64 

21.77 

. 137:4 

1.5. 73 

16.08 

May 18 — - 

<15 

23.94 

. 1533 

18.65 j 

2a 33 

May 19 - 

66 

23.31 

1 . 1453 

17. 16 i 

19. 19 

May 20 - - -- - 

67 

25. 6.5 

. 1516 

18.91 j 

21.09 

May2L< 

68 

28.04 

1 . 1781 

17.96 

21.20 

May 22- - — 

69 

29.79 

1 .2258 

17. 57 ! 

20. 21 

May 28 - 

70 

i 31.92 

! . 2387 

18.24 

21.79 

May 24 

71 

i 31.70 

1 . 2789 

14,93 

16. 13 
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Tablk 1 . — Average length, average drg wHghl, and calalatte activity in the main f;hooi 
of ttpring-itown liannchen barley, 10^8 — Continued 


Day of harvest 


Date 


May 25. . 
May 20- . 
May 27.. 
May 28... 
May 20-. 
May 30.. 
May 31.. 
.lime 1 .,- 
June2. . 
Junes. . 
June 4... 
June 5.-- 
Junc 7.. 
Juno 0-. 
June 11. 
Juno 13 
Juno 15. . 
Juno 17. 
Juno 10 
June 21 
June 2:1 - 
June 25 . 
June 28- 
July 2 - .. 
July 0 
July y. 




1 

Length ^ 


J)Hys 

after 

planting 




Cm 


72 

32. 73 


73 

31.. 57 


74 

30. 01 


75 

34. .50 

. . . 

76 

30.88 

_ 

77 

42, 61 


78 

44. 21 


70 

45.18 


80 

52. .53 


81 

53. 35 


82 

.51.80 


83 i 56.50 


86 

1 58. 08 


87 

. 50. 8:1 


80 

0 : 1 . 00 


01 

i 04. 00 


03 

1 05. 48 


05 

1 08. 50 


07 

, 02. 15 


00 i 60. 00 


101 

; 0-4. 70 


KB 

1 0-t. 80 


100 i 70. 15 


110 

: 08, 50 


J14 

i 00. 80 


117 

: 71,47 


Dry 

Ctilalase activity 
(O 2 evolved in 10 
minutes) 

Weight 

Per 0.04 i 

Per 0.008 


gin. green] gin. dry 
tissue j matter 

Grams 

Cm'i 1 

Cm* 

. 3434 

12.54 1 

13. 38 

. 2466 

14. 27 

15. 72 

. 3323 

12. .58 1 

12.80 

.2011 

i;i. 52 i 

14.00 

. 30-18 

12.54 , 

12. 12 

. 4333 

11,04 ‘ 

12. 37 

. .5tWl 

1.174 ' 

11. 03 

. 502:1 

11.30 

12.70 

. 7160 

12. 02 

10.80 

. 0005 

14.03 ' 

12. 18 

. 0 . 5:15 

i:i.24 ‘ 

12.08 

. 0780 

1.5.78 1 

11 84 

.8311 

14.58 

12. 59 

.8287 

14.1K) ^ 

11.58 

1. 0510 

io.;is ; 

11.88 

I.IKKIO { 

13. 07 

10.07 

I. 2150 

17.80 I 

12. 03 

l.;i30l 

12.78 , 

8.57 

1. 1505 

1100 

0. IS 

1.4700 

; IS. 10 ; 

12. 03 

1.4705 

10.80 1 

10.-43 

1.4073 

17. 11 

0. 00 

1. tM55 

11.03 , 

0. 31 

1.0013 

7.23 

:i. 10 

2. 0070 1 5. 70 ' 

2. U:i73 1 5. IK) 

2.24 

1.43 


Wliile tlif'ro \v«s a rather wieJe variation in catalase activity per 
unit (0.008 g) of dry weight from day to day in the 1028 data, there 
was a distinct trend apparent, as is indicated by tlie smoothed curve 
drawn tlirough the points. There are four clearly defined elevations 
in the first 70 days of growth. During this time the plant was com- 
posed mainly of succulent actively growing tissue. The dry matter 
did not reach 20 per cent until the seventy-sixth day. After the 
seventieth day (May 23) the percentage of dry matter increased, 
gradually at first and then very rapidly as the seeds dried out. On 
May 23 the basal leaves were dead. The culm leaves soon died also, 
and on flune 17 the boot leaf was dying, the jnaximum moisture 
remaining longest in the nodes and kernels. From May 23 the cata- 
lase activity decreased <iuite uniformly until *lune 25, when final drying 
out occurred and the catalase activity dropped to 1 .43 cm^ at the final 
determination. This drop in eatalase activity is associated with 
rapid grow'th beginning about the seventieth day, the relation con- 
tinuing unchanged up to the point where growth abruptly ceases. 

(^italase determinations were run upon one planting only in 1928. 
To verify these data and to check their apf)arent relation to stage of 
plant growth, three siipplementary series of determinations w'ere run 
subsequently upon Hatmchen barley. None of these latter, however, 
carried the plant to maturity. Only the early stages, where the earlier 
curve was more variable and eonsequcntly more subject to diiubt, 
W'ere studied in these later experiments. Figures 4, 5, and 6 show 
graphically the shoot length, dry weight of shoot, and catalase activity 
conected for dry matter, together with the ap]>eara]jce of certain 
developmental stages in each of the tliree series. The fiist seiios was 
rim upon material grown in the greenhouse in the late winter and 
spring of 1929. 
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This material was limited, and catalase determinations were not 
continued much beyond the time when the crown roots became func- 
tional. The curve in Figure 4 corresponds fairly well with that for 
the data previously obtained, except that the first low point does not 
occur so near the time of endospenn exhaustion as in the former. 

The second series was run upon material grown in field plots in 
1929. The curve in Figure 5 almost parallels that of the greenhouse 
material of the same year. On account of poor soil conditions the 
plants did not tiller well and appeared so abnormal that the experiment 

was discontinued 
on the fifty-second 
day. In the graph 
it is seen that from 
days 9 to 1 (>grow th 
was rajud while 
the curve of cata- 
lase activity dro])- 
P(h 1. From days 
17 to 24 growth 
lagged and an ele- 
vation in the cat- 
alase curve oc- 
curred. After day 
24 rapid growth 
rate was again ac- 
companied by a 
decreased c a t a - 
hise activity. 

The third series 
was run upon 
rnaterial grown in 
the greenhouse in 
the winter of 
1029~:i0. Cata- 
lase determina- 
tions were nmde 
until jointing was 
well under way. 
In this series each 
determination 
was made upon 
the whole of the 
main shoot of a 
single plant, ex- 
cept in the early 

stages, when more material was desmable. The resulting curve (fig. 0) 
is reasonably smooth and resembles the other three quite closely. 
There is, however, no elevation during the time of active tiller pro- 
duction, as there is in the 1928 curve. The increase during jointing 
and immediately preceding the appeai'ance of the floriu organs, 
however, is significant and agrees with the 1928 data. Here also 
^owth rate is rapid while catalase activity drops off. When growth 
lags the curve of catalase activity rises. 
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On account of environmental differences a definite stage of develop- 
ment naturally did not occur at the same age in days in all four 
experiments. In order to compare properly the curves in Figures 3, 
4, 5, and 6, the data shown therein are plotted against the six definite 
developmental stages indicated. 
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Considering the 1928 data tdone, it seems possible to correlate in- 
creased intensity in the curve of catalase activity with the plant 
stages characterized by active metabolism. The data from the three 
subsequent series of detenninations, however, indicate that so definite 
and inclusive a conclusion is not entirely justified. In all cases in 1928 
(fig. 7) intensity of catalase activity is high in the germinating plant 
and gradually falls off during the rapid growth preceding the exhaus- 
tion of the endosperm. There then occurs a general slackening of 
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DISCUSSION 

The only measure of catalase activity is the volume of molecular 
oxygen liberated when the substance under investigation is brought 
into intimate contact wdth hydrogen peroxide. The presence of hy- 
drogen peroxide in living tissue has not been proved. Consequently 
no assumptions can be made as to the nature of the reaction, its func- 
tion, or its usefulness to the plant. Furthermore, if catalase activity 
be destroyed in normal tissue, as happens in determinations in the 
laboratory, no idea can be had of the total amount produced in the 
plant; the determinations then show merely the excess of manufacture 
over destruction. 

In this study of catalase activity a composite sample of all the tis- 
sues of the entire main shoot was used. This was composed mainly 
of meristematic and young, actively growing tissues in the seedling 
stage. As age increased, the leaves rapidly matured, the stem was 
differentiated and became woody, and finally all the tissues except 
the seeds in the spike were in a dying condition. This course of events 
produces the typical sigmoid curve of grow’th. Had meristematic 
tissue alone been used for the daily catalase determinations, the curve 



Fkjvre 7. -Four series of oul uluse-j; ct.lv It y Uotermiimtlons plotted uttaiust statte of dovelopiiient . 
(Sw tigs. 3 to fl, incliish eli 


probably would have differed as much from the one shown herein as 
a growth curve of meristematic tissue would differ fiom one con- 
structed from entire-shoot data. 

A low (VN ratio generally is accepted as necessary to active metab- 
olism. Auchter's data {2) on woody plants indicate that an increase 
in carbohydrates in proportion to the nitrogen present is accompanied 
by a decreased catalase activity. Hicks {9) found in wheat the low est 
C/N ratio in the distal end of an organ; for instance, the leaf tips have 
a lower C/N ratio than the bases even though the meristem of the 
leaves is at the base. From these results one would expect to find the 
greatest catalase activity in barley in tissues that are mature but not 
dying, and in plants that liave a relatively large amount of mature 
living tissue. In the w’^riter's determination oi catalase activity in 
different parts of the barley plant ® the mature portions seemed to 
have a higher catalase activity than did the very young tissues or those 
much past maturity; for instance, the flag of the boot leaf contained an 
amount greater than that of any other part tested, and the sheath of 


* Unpublished data. 
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the boot loaf held second place in one variety and thbd in another, 
while the awns held third and second place, respectively. All the 
parts of the shoot, including the kernels, proximal to the awns were 
significantly lower in catalase activity. 

It is evident that the total catalase activity in the plant approxi- 
mately keeps pace with growth. But in order to make catalase exactly 
proportional to growth the curve of catalase activity (expressed as 
cubic centimeters of oxj^gen evolved per unit of dry matter) must be a 
straight line parallel with the horizontal axis. It wiU be seen that 
this condition does not obtain. There are certain elevations above 
the mean of the curve which must be explained. In all four series of 
determinations oxygen evolution is high at and immediately following 
germination, but drops off with active seedling growth and reaches a 
low point shortly after all the endosperm is malted. Growth then 
slackens somewhat, and catalase activity again climbs, reaching a 
second peak at the time of the appearance of tne crown roots. There- 
after tiller buds appear and growth is accelerated in the plant and the 
curve drops to a level, which, in the 1930 greenhouse experiments, is 
maintained with but slight deviation until the peak during early 
jointing. In the 1928 plot material this peak during early jointing is 
preceded by another high point duriig active tiller growth, which does 
not appear in any other curve. During late jointing the spikes 
develop rapidly and catalase activity drops off (fig. 3) to a level wliich 
is maintained fairly constant until the actively Rowing portions of the 
plant are proportionately reduced by the deposition of a considerable 
amount of inactive structural material and the progressive death of the 
leaves from crown to spike. 

From the foregoing it appears that the detenninations of ca talase 
activity are roughly proportional to the reciprocal of growth rate, 
being, in general, lowest during the stages of most active growth, as 
measured by length and by deposition of diy matter. Furthermore, 
three very definite elevations in the curve are evident: (1) During 
early germination ; (2) during the development of the crown roots and 
before thev become functional; and (3) during early jointing, which 
immediately precedes the appearance in the boot leaf of the floral 
spike. In other words, each peak in the curve occurs at the inception 
of a new and definite stage in the functional activity of the plant. 

It is evident that the substance involved in catalase activity is pro- 
duced during growth and that this production is, as has been intimated, 
approximately proportional to the amount of living tissue producing it. 
It is possible that the peaks in the curves may be explained by one of a 
number of assumptions. In the first place, it may be that the sub- 
stance is produced at a uniform rate by the living cell, but is used up 
in the process of growth, and is more rapidly used up in rapid growth. 
In the second place, an old ceU may be a larger producer than a young 
cell; consequently, during rapid active growth, when a proportionately 
large number of the cells are young, the average production would be 
lowered and the lagging production would result in a drop in the 
curve. In the third place, it might be assumed that relatively great 
physiological activity actually precedes rapid extension in length and 
deposition of dry matter. ^ 
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SUMMARY AND CONCLUSIONS 

Four series of daily determinations of catalase activity were made 
during the growth period of Hannchen barley in field plot and green- 
house. The first series was carried through to the mature plant; 
with the other three series the studies were continued through the 
period of early growth, where the results were most variable. 

Catalase activity (i. e., cubic centimeters of oxygen gas liberated per 
unit of dry weight) is roughly proportional to the reciprocal of growth 
rate. Three hypothetical explanations are suggested. 

The curve of catalase activity shows three peaks, each occurring at 
the time of inception of a new and definite stage in the functional 
activity of the plant. 
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FACTORS INFLUENCING THE BLOOD-SUGAR LEVEL OF 
DAIRY CATTLE • 


By R. E. Hodokon, formtjrly Graduate Assietant^ AV. H. Riddell, Dairy Production 

Investigator, and J. S. Hughes, Animal Nutritionist, Kansas Agricultural 

Experimtmt Station 

INTRODUCTION 

The sugar of the blood of dairy animals has been the subject of con- 
siderable investigation in its relation to milk secretion and disease. 
It is the precursor of the lactose of milk. Meigs (If) ^ has presented 
a thorough review of the literature on this little-known phase of 
metabolism. There is good evidence to show that milk sugar is 
derived from the glu<‘ose of the blood, though the process by which 
tht^ transformation takes place in the mammary gland remains obscure. 

In r(‘cent years the behavior of the blood sugar has been studied in 
dairy cattle under certain abnonnal conditions. Several investi- 
gators have presented figuies on the normal concentration of this 
constituent.. Hayden and Sholl (5) after 7o tests with 44 cows 
coiK'luded that the average concentration of sugar in the blood of 
<lairy (‘ows is oLTf) milligrams per 100 cubic centimeters. Moussti 
and Moussu (9), working with only 10 cows of different breeds, gave 
a range of 0.061 to 0.08 per cent, while Hayden and Fish (4), as 
a result of 68 analyses, gave an average figure of 46.52 niilligrams per 
100 cul)ic centimeters with a range of 30 to 70 milligrams. In a 
later and more extensive piece of work, Hayden {3) reported the low 
av(‘rage of 41.15 milligrams of sugar per 100 cubic centimeters of 
blood for 253 samph's tak<»n from 23 cows over a period of 1 1 months. 

Scheicher (/^), in studying the ratio of blood sugar to lactose in 
dairy cattle, observed that the sugar concentration of the blood 
ranged between 0.055 and 0.10 per cent and averaged 0.0744 per 
(*ent, while Anderson and his associates (Jf) in a recent investigation 
gave a range of 43.2 to 142.0 milligrams for animals of all ages and 
an average of 51.2 milligrams for animals in the older group. 

It is evident from these results that the blood-sugar level of dairy 
animals, while tending toward a mean value s()mewhere near 50 
milligrams per 100 cubic centimeters of blood, is subject to wide 
variations. The causes of these variations have not been discussed 
to atiy extent in articles reporting investigations in this held. Un- 
doubtedly, however, they are due, in part, to the fact that the rate 
at which sugar enters the blood and the rate at which it leaves the 
blood vary under different conditions. The actual amount of 
sugar in tlie blood at any time depends on the relative intensity of 
these two opposing sots of conditions. 

Figuratively speaking, there are three streams of sugar supplying 
the blood. One enters from the intestuies, another arises from the 
hydrolysis of glycogen, and a third from the synthesis of sugar from 

» Received for publication July 21, IWU; Issued April. 1932. Conirilmtiou No. 74, pepanraent of 
Dairy Husbandry, and No. 160, i)epartment of Chemistry, Kansas Agricultural Experiment Station. The 

f reater part of the data reported in this paiier was presented at the summer meeting of the American 
)airy Science Association held at Ames, Iowa, June, 1930. 

* Reference is made by number (italic) to literature Cited, p. 364. 
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other compounds. The first of these can be controlled to a consider- 
able extent by limiting the amount and kind of carbohydrates in the 
feed. In the case of dairy animals where the digestion is slow and 
more or less continuous, the rate of absorption of monosaccharides 
from the digestive tract under ordinary conditions probably does not 
vary suflBciently to produce any marked fluctuation in the blood- 
sugar level. The second stream, namely, that arising from the hy- 
drolysis of glycogen, is largely under the control of the nervous system. 
When an animd is excited, the rate of conversion of glycogen into 
glucose is increased through the action of the adrenal glands. Excite- 
ment may produce a pronounced increase in the sugar level of the 
blood in a short time. The third source of sugar, namely, the syn- 
thesis of sugar from other compounds, is controlled by the processes 
of metabolism. This source of sugar probably produces very little 
fluctuation in the blood-sugar level under ordinary conditions. 

Sugar is being steadily withdrawn from the blood and oxidized to 
furnish energy for maintaining the various functions of the body. 
The amount varies greatly, depending on the degree of muscular 
activity. Sugar is flso removed from the blood to provide the 
lactose in the milk of lactating animals. Under normal conditions 
any sugar in excess of that needed for the production of energy and 
lactose is stored as glycogen or converted into fat, in which form it is 
stored as reserve energy. 

A knowledge of sugar metabolism and the factors that afl'ect the 
blood-sugar level is important in studying the problem of milk 
secretion. It was in part for the purpose of securing such information 
that the experiments described in this paper were undertaken. 

EXPERIMENTAL METHODS 

One hundred and forty animals were used in these studies. All 
belonged to the college herd and were maintained under normal con- 
ditions of herd management. They were fed at 6 a. m. and 4 p. m. 
each day, and milked at *5 a. m. and 4 p. m. 

The animals were selected and handled in such a way that informa- 
tion could be obtained concerning the influence of the following 
factors on the blood-sugar concentration: Ago, breed, lactation, 
fasting, introduction of relatively large amounts of glucose into the 
stomach, and excitement. In many cases a single determination was 
used in more than one comparison. In studying the influence of 
any one factor, care was taken to see that other conditions affecting 
the blood-sugar level were maintained as nearly constant as possible. 

In recent myestigations {6, 10) it has been shown that the various 
methods now in use for the determination of blood sugar may yield 
somewhat different results. Folin’s new micro method {2)^ which 
appears to give results in close agreement with the actual sugar 
content, and which requires oi^y 0.1 cubic centimeter of blood for 
each determination, was used in this work. The blood was drawn 
from the ear by means of a capillary pipette and rinsed into a 10 
per cent sodium tungstate solution. In all cases the samples were 
centrifuged and prepared for analysis within one hour after the blood 
was drawn. The majority of the samples were collected at approxi- 
mately 9 a. m. 
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The Blood-Sugar Level of Dairy Cattle 
FACTORS STUDIED 

AGE 

The data collected comprise 20 observations made on not less than 
eig:ht animals in each of 11 age intervals. Animals of the four major 
dairy breeds were used. The mean blood-sugar values were calcu- 
lated, and the results are assembled in Table 1. 


Table 1. — Influence of age on the blood sugar * of dairy cattle 


Ar(! class of animals (lucluslve) 

Mean value 
for blood 
SURtil * 

Arc class of animals (inclusive) 

Mean value 
for blood 
suRar* 

1 to 6 days 

1 to 4 weeks 

1 to 3 months 

4 to 7 months 

H to 11 months. . . . .. 

12 to 16 mouths 

Mg per 

100 cm> 

100. 4±1. OS.*. 
H8. 22fi 

SO. 2=fcl. 212 
76. 4=fc . 794 
69.6=bl.m 
67.Kd= .821 

■ 10 to 10 months 

! 20 to 23 months .. 

Mg per 
\ 100 cm^ 

62. 2± 1.000 
56. 0± .685 
64.6db .770 
.53. . 785 
M.4=b .669 

: 24 to 47 mouths 

• 48 to 71 months I 

1 72 to 06 months i 


> 20 determinations of blood sugar on not less than eight animals were averaged for eaeb age interval. 

3 gm and cm* ore the abbreviations recently adopted by the Qovemraent Printing OfTice for milligrams 
an<l cubic centimeters, respectively. 

It is apparent that during the early stages of life there is a close 
inverse relationship between the blood-sugar content and the age of 
daily cattle. A mean of 100.4 ±1.685 milligrams sugar per 100 
cubic centimeters of blood was obtained in this stiidjr for calves less 
than 1 week of ago. As the animal grows older its blood-sugar 
concentration decreases until it averages approximately 54 milli- 
grams, when the animal is 2 years old. After this age is reached, 
the blood-sugar level does not seem to be influenced to any apprecia- 
ble degree by an increase in age. 

Two hundred and twenty-two observations made during the winter 
months on 74 animals between 2 and 8 years of age gave a mean 
blood-sugar concentration of 53.03 ±0.297 milligrams per 100 cubic 
centimeters of blood, with values ranging from 35 to 74 milligrams. 

BREED 

The mature cow’^s in the h&rd w-ere used for the study of the influence 
of breed on blood-sugar content. By using only mature aninals 
it was sought to exclude the age factor. Stage of lactation was not 
considered since these studies have shown it to have little influence 
oh the blood-sugar concentration. 

No significant difference was observed in the blood-sugar content 
of the various breeds. An average of 44 determinations on each of 
the four major breeds gave the following means: Ayrshire, 53.1 ± 
0.856; Guernsey, 53.6 ±0.711; Holstein, 52.8 ±0.440; and Jersey, 
52.5 ±0.459. 

MILK YIELD 

Hewitt (7) has recently reported results with dry and lactating 
cows. Eight determinations on three dry cows gave an average of 
90.4 milligrams blood sugar, while a similar number on three lactating 
cows gave an average of 50.7 milligrams. From this he concluded 
that the blood-sugar level in diy cows is decidedly liigher than for 
cows in milk. TheoreticaDy, the withdrawal of sugar from the blood 
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to form the lactose of milk might lower the blood-sugar level in lac- 
tating cows. It does not seem probable, however, that this factor 
alone would explain the wide difference observed. 

In order to study the influence of milk yield on blood-sugar level, 
all the available data in these studies were grouped according to 
daily milk yield, as shown in Table 2. The results on heif<3rs were 
not grouped with those on dry cows, since, as already shown, young 
animals have a higher blood-sugar level than mature animals. The 
difference in the means of the dry and the heaviest producing group 
(1.9 ± 1 .16) is less than twice its probable error, which is not generally 
regarded as significant. However, a small difference is apparent in 
the figures presented, and a slight negative correlation (0.190 ± 0.038) 
was obtained in correlating blood sugar and milk production for the 
tliree producing groups in Table 2. 

Table 2. — hifluence of milk yield o,i hlood-sugar level in dairy cattle 


Dally milk yield 


Dry 

1 to 15 pound!?.. 
16 to 35 pounds. 
Over 35 i)Ounds. 


Deiermi- ; 
nation.s j 

! 

' Mean voiue 
Cows • for l)Io(Kl 
. sugar 

: 

\fg per 

Number i Number lOf) cm' 

42 1 
27 i 

20 .52.6=t0.N43 

21 ' 52. Wi .45r> 

04 i 

33' 5J.0:fc .514 

32 

15 i 5(». 7± . 799 


While these results are lower than those reported by Schlotthauer 
(lS)j in general, they confirm his finding that heavy producing cows 
have a sughtl}^ lower blood-sugar level. 

FEEDING 

It is a well-recognized fact that the blood-sugar level may be 
influenced by the rate of absorption from the intestines. In animals 
in which the process of digestion is rapid and more or less intermittent, 
the blood-sugar level vanes considerably throughout the day. After 
a meal of readily digested carbohydrates it increases for a time, but 
returns to a low^er level as the rate of absorption decreases. To 
observe whether or not such a fluctuation occuned in dairy cow s fed 
in the normal way, the blood sugar was determined at intervals during 
the day. The cows were fed at 6 a. m. and 4 p. m. Blood samples 
were taken at 7 and 10 a, m. and at 1, 3, and 5 p. m. 

Table 3. — Variation in hlood-sugar content in 22 dairy cattle at intervals 
throughout the day 


Hour of day 


7 a. m... 
10 a. !».. 
1 p. m... 
3 p. in„. 
5 p. m... 


Time 

elaiwed 

since 

feeding 


Mean value 
for blood 
sugar 


Hmrn 

1 

4 

7 

9 

1 


Mgm. per 
too e. t, 

61. 4^0.834 
49. Od: .655 
50.7=fc .733 
52.0:^ .475 
5a 5^ .882 
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The results, which are summarized in Table 3, indicate that no 
significant dilTcrence in the blood-sugar level of the dairy cow is 
produced by feeding. This is undoubtedly due to the rather slow 
and continuous process of digestion resulting from the complex 
nature of the bovine stomach. 

It will be observed from Table 3 that there is a small increase at 
3 p. m., which probably can be accounted for by the increased activi- 
ties about the barn at this time in preparation for the afternoon 
feeding. 

That the rate of absorption of sugar from the digestive tract does 
influence the blood-sugar level in dairy cows is indicated by the 
results of the two following experiments — the first on the influence 
of fasting, and the second on the sugar tolerance of the dairy cow. 

FASTING 

Five dairy heifers were used in studying the influence of inanition 
on the blood-sugar content. These heifers ranged in age from V/i to 
2 years and comprised 2 Holsteins, I Ayrshire, 1 (iiiemscy, and 1 
fJersey. Throughout the trial they were kept in a paddock with shed 
adjoining. Water was available at all times. 

Samples of blood for analysis were drawn daily, beginning two 
days before the fasting period, and the live weights of the animals 
determined. At the conclusion of the 9-day fasting period the heifers 
were gradually returned to normal feeding conditions. 

Figure 1 shows (he results in graphic form. Tt will be observed 
that as the fasting period advanced tlie concentration of the blood 
sugar decreased. This decrease was continuous and uniform until 
tlie morning of the seventh day, when a substantial increase occurred. 
This increase may be explained by the fact that the heifers broke 
through the fence and obtained some roughage the evening before. 
As the fasting continued (he blood sugar decreased more than 50 
per cen( of its initial content. The lowest average value observed w as 
2S.5 milligrams per 100 cubic centimeters blood foi* the eighth day of 
the trial, as compared with an average initial content of 01.2 
milligrams. 

After nine days without feed the heifers appeared gaunt and inac- 
tive. Their feces were w'atery and contained mucous material, though 
it is unlikely that all of the contents had been removed from the diges- 
tive traot in the short time involved. 

The blot>d-sugar content of the heifers did not return to normal 
immediately after they w’ere fed, but increased rather slowly for 
several days. The average live weight of these heifers decreased 120 
pounds. 

ADMINISTRATION OF GLUCOSE 

In order to secure more rapid absorption of carbohydrate from the 
digestive tract, trials w'ere run in which sugar w’^as dissolved and given 
by means of a stomach pump. The animals in the various tests w'ere 
fed different amounts (»f glucose according to their size and capacity. 
The glucose used was dissolved in water at body temperature and 
introduced slowly by means of a stomach pump. That much of the 
solution found its way immediately into the abomasum and was 
readily available for absorption is indicated by the prompt rise in 
blood sugar that occurred in a majority of the animals under obser- 
vation. 
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The solutions were administered at 9 a. m., immediately after an 
initial blood sample had been taken. Samples were then secured at 
30 minutes, 1, 2, 4, and 7 hours after dosage. In the first two trials 
the animals had been deprived of feed for 12 hours. In the remainder 


Fi6(;rs 1.— Influence of fasting on the blood>sugar level and live weight of dairy cattle. The 
sudden rise in blood sugar on the seventh day was undoubtedly caused by the fact that the 
heifers broke through the fence and obtained some roughage the evening before 

no attempt was made to withhold any part of the regular ration prifir 
to giving the sugar. 

Table 4. — Effect of the adminietration of glucose on the blood-sugar level of dairy cows 

Milligrams sugar per lOO cubic centimeters whole 
blood at time indicated 


Breed and daily milk record of animal 


Istered B-fo-o 1 hour 2 hours 4 hours : 7 hours 

doAAfln nfiMF after after after after 
uosage dosage dosage dosage ] dosage 


Holstein, dry 

Holstein, dry 

Ouems^, 0 pounds. 
Guernsey, 10 pounds 
Holstein, 40 pounds, 
guernsey, » pounds 
94 pounds 
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The results (Table 4) show a marked increase in blood-sugar con- 
centration after dosage. This increase reached a maximum witliin 
approximately 2 hours, and 6 or 7 hours were required for the concen- 
tration to return to normal. In some of these trials it was possible 
to increase the blood-sugar content more than threefold. 

That all this increase was not due to excitement resulting from the 
use of the stomac^h tube was sho^m by a repetition of the experiment 
in which water was used in place of the sugar solution. The average 
determination on four animals before the water was introduced was 
65.3 nulligrams of blood sugar. Thirty minutes after dosing the 
quantity had increased to 69.5 milligrams; one hour later it had 
decreased to 62.2 milligrams. 

In every case the qualitative test (5) for sugar in the urine gave 
negativ’^e results for urine samples collected prior to the administra- 
tion of glucose. Except in one trial, in which the blood sugar did not 
tnaicritdly increase, sugar appeared in the urine within two to four 
hours after the solution w'as given. This glycosuria, which was to 
be expected under the conditions of the experiment, indicates that 
the “sugar threshold” value of the kidneys had been temporarily 
exceeded. 

It is evid(Mit from these results that when soluble carbohydrate is 
given in such a way as to permit rapid absorption from the intestinal 
tract, a marked increase in the level of blood sugar results. This 
method of increasing the blood-sugar level has been used by the 
writers in studying the fa(5tors influencing lactose formation by the 
dairy cow. 

‘ EXCITEMENT 

In order to determine the effect of excitement, the blood sugar of 
four cows was determined before and after a dog was brought into 
tlie barn. The nervousness of the cows resulted in an average increase 
in the blood sugar, ranging from 58.5 to 65.9 milligrams. When the 
dog was allowed to bark the blood sugar was further increased to 89.1 
milligrams. All four cows showed a definite increase in this con- 
stituent. 

Any undue excitement of an animal while the sample of blood is 
being taken for analysis may produce a marked increase in the blood 
sugar. This is particularly true when the animal is bled from the 
jugular vein. Unless one has had considerable practice in securing 
the blood in this manner, the animal may be rendered extremely 
nervous before the sample is finally obtained. In the work reported 
in this paper, the method used required only 0.1 cubic centimeter of 
blood, which could be taken quite conveniently froni the ear, with a 
minimum of discomfort to the animal. The uniformity of the results 
recorded in Tables 1 to 4 may probably be attributed to this and 
the uniform conations under which the samples were taken. 

OESTRUS 

A limited number of observations were niade on cows during oes- 
trus. In each case studied there was a distinct rise in the blood 
sugar, amounting in two instances to as much as 40 per cent. Hewitt 
(7) has reported blood-sugar values as high as 362 milligrams for 
heifers during oestrus. Observations made on five heifers in this 
herd gave no value in excess of 90 milligrams. 
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TEMPERATURE 

As already stated, the results recorded in these studies were secured 
during the winter months, when the cows stayed in the barn a large 
part of the time and were maintained under uniform conditions. Some 
determinations made since in another study during extremely warm 
July and August weather gave results considw'ably higher than any 
observed heretofore. Further investigation will be required to deter- 
mine definitely whether the increase in the blood-sugar level was due 
to the high temperature prevailing at the time the tests were made 
or to other factois. 

SUMMARY 

In the course of this investigation, blood samples from 140 dairy 
cattle were analyzed for sugar content. The following results were 
obtained. 

Calves shortly after birth had a blood-sugar content of about 100 
milligrams per ioo cubic centimeters. As the age of the animal in- 
creased the blood sugar decreased until the animal w^as approxi- 
mately 2 years of age, after wdiich little further change was observed. 
A mean blood-sugar content of 53.03 ±0.297 milligrams per 100 
cubic centimetem of blood was obtained on 222 samples from 74 
animals between 2 and 8 years of age, with a range of 35 to 74 mil- 
ligrams. 

No significant difference was observed in the blood-sugar level of 
the four breeds studied. 

Cow’s giving a liberal fiow of milk were found to have slightly less 
blood sugar than dry cows or those yielding a small quantity of milk. 

There was no increase in blood sugar after feeding. A slight in- 
crease was observed at 3 p. m., w^hich probably may be accounted 
for by the increased activities about the barn prior to the afternoon 
feeding. 

Fasting caused a decrease in the blood-sugar content of dairy 
heifers amounting approximately to 50 per cent. 

The administration of glucose in solution produced increases in the 
blood-sugar content amounting to as much as 200 per cent. 
Excitement was found to produce a marked increase in blood sugar. 
The blood-sugar values of cows and heifers were higher during 
oestrus than at other times. 
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THE GERMINATION OF COTTONSEED AT LOW 
TEMPERATURES ‘ 


By C. A. Ludwig * 

Formerly Associate Botanist and Plant Pathologistf South Carolina Agricultural 

Expenment Station 

INTRODUCTION 

One of the most important factors in the production of a large crop 
of cotton is a full stand of plants early in the season. Studies con- 
cerning the effect of date of planting on yield carried on at the South 
Carolina Experiment Station for the past six or seven years have 
shown that the cotton planted earliest produces the highest yield if a 
permanent good stand is secured. But the period of greatest mor- 
tality of cotton plants due to adverse environmental conditions is 
from the tinie the seed is planted until the seedling stage is past. It 
is during this time that cold wet weather so often makes early planted 
cotton a failure. It follows, therefore, that if a variety of cotton, 
excellent in other respects, could be found mth more resistance to 
cold in the seedling stage, farrners would be able to plant earlier or 
would be assured of better stands from plantings at the usual time.* 
In either case they would secure greater yields. 

The isolation or development of such a variety by means of field 
selections is not easy. One season may be suitable for such selections 
and the next one totally unsuitable. It is therefore very desirable to 
devise a better methodl for maldng the selections, if it can be done. 
A possible method of doing this was suggested by results secured with 
corn by B. D. Leith, of the Wisconsin Agricultural Experiment Sta- 
tion. By a method which consisted in part of testing the seed in a 
refrigerator and selecting for planting only those ears from which 
germinations occurred within a given time, he was able to produce a 
haixiicr strain of corn than the earliest then grown in Wisconsin. As 
part of an attempt to adapt this method to the selection of cold-re- 
sistant strains of cotton, a study of the germination behavior of the 
seed of a number of varieties was made. The chief results are reported 
in this paper. 

METHODS 

Briefly stated, the method used in these e.xperiments was to germi- 
nate samples of the best seed of different lots at approximately the 
nunimum temperature at which germination would occur, and then 
to compare the behavior of the different strains and individuals. 
The percentage germination was not of itself considered especially 

1 Keceived far piiblicatiou Sent. 21, 1931; issued April, 1932. Technical contribution No. 17 (now 
series) from the South Carolina Agricultural Experiment Station. 

* The writer is indebted to Ur. C. F. Uottes and to the authorities of the University of Illinois for the privi- 
lege of using the oonstant-temperature chambers in the laboratories of plant physiology of that institution 
during the llrst mouths of 1926; to the late F. T. Dargan, professor of electrical ongineoriug at Clemson .\gri- 
cultural College, for much of the design and construction of the low-tomporature incubator us(k 1 in the later 
work; to T. L. W. Bailey, Jr., and C. C. Bennett, arho assisted with some of the germinations; and to the 
large number of othws who generous^ oontributeoi samples of cottonseed for the work. 

i Rusbku, H. L., Morrison, F. b., and Ebling, W. U. cold resistant corn further developed. 
Agr. Expt. Bta. Bull. 373 (Ann. Kpt. 1923-24); 26-26, illus. 
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significant. The information desired was what the viable seed would 
do at the low temperature. For this reason all apparently defective 
or damaged seeds (lightweight, pale, gin cut, etc.) were diseased, 
and parallel tests of all samples at 25® to 30® C. were run. The higher 
temperature was assumed to be near the optimum; and, while it was 
not definitely so proved, the promptness and high percentage of 
germination "repeatedly secured indicated that the assumption was 
not far wrong. It is clear, for instance, that a variety germinating 
50 per cent at the low temperature would be distinctly superior froin 
the standpoint of resistance to cold to one germinating 75 per cent, if 
the respective germination rates at the optimum should be 50 and 95 
per cent, respectively. In the first case 100 per cent of the viable seed 
would germmate at the low temperature while in the latter only 79 
per cent would do so. The germination percentages reported at the 
low temperatures are therefore based on tlie number of seeds which the 
test at the high temperature showed to be viable. 

The germinations reported are for time intervals commencing with 
the beginning of the test and ending with the close of the week men- 
tioned. Since in a study of this kind the number of seeds which germi- 
nate, say, by the end of the second week, is more important than the 
number which germinate during the second week of the period, the 
germination percentages by individual weeks are not given. Tlie 
values are not always given in detail after the fourth week, although 
the experiments were often conducted longer. 

Preliminary experiments to determine the most suitable nicthod of 
germinating the seed included germination on plaster of Paris blocks in 
water and in wet sand, both with and without a cloth or paper covering ; 
germination in a shallow layer of water; and germination between moist 
absorbent papers. The last method was the most satisfactory; and 
the best plan found for keeping the papers properly moist was to lay 
the lower one on a uniform layer of sand about one-half inch deep 
saturated with water in a covered, ventilated tray or pan. The suit- 
ability of delinting the seed with sulphuric acid as compared with the 
prewetting method of Toole and Drummond ^ was also investigated. 
The delinted seeds, as shown in the first part of Table 1, germinated 
better, partly no doubt because delinting made it possible to detect 
and remove most of the defective seeds. Delinting was therefore 
adopted as the method of preparing the seeds for the tests. 

Examinations were made daily so far as possible. Temperatures 
were taken by means of thermometers lying on the upper layer of 
paper, genninated seeds were removed and counted, and water w'as 
added to replace that lost by evaporation. In the earlier part of 
the work it was found diflScult after opening a tray to get the ther- 
mometer reading before the warmer air of the room had caused it to 
change. Later this difficulty was overcome by tying some filter 
paper around the bulb. With this treatment there was abundant 
time for noting the reading before any change occurred. 

It should be noted that the actual effective temperature was 
really somewhat higher than that observed, even when the readings 
were most accmatdy taken. This was owing to the fact that tem- 


* Toole, £. II., and Druhmond, P. H. the okrminatioh or cottomsebo. Jour. Agr. Rasoaroh 28; 
285-291, Ulus. 1924. 
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perature readings were made immediately after the trays were 
removed from the incubator for examuiation. During the course of 
the examination the temperature inevitably rose somewhat, since 
the trays were necessarily exposed to the warmer air of the room 
during that time. There were also a few occasions when the 
refrigerating system failed to operate properly. During the first 
year in particular this happened more often m the later, warmer 
part of the season than earlier. For this reason, and because the 
air to which the seeds were exposed during observations was warmer 
in the later part of the season, the effective temperature under which 
germination occurred was higher each season when the last lots w ere 
germinated than when the first were germinated. In order to get a 
measure of the effect of these environmental variations, a strain of 
Cleveland (lot No. 1, Tables 1 and 2) w^as selected as a standard 
and a sample was included with every group of samples geiminated. 
It proved to be a very high grade lot of seed from the standpoint of 
germination at the higher temperatures. Some of the samples gave 
perfect germination and none failed to give a very high one. 

Enough water was sprinkled on the covering paper after the daily 
examination had been made to make it appear as moist as at the 
beginning of the experiment. Tests were conducted to determine 
whether the inaccuracies of this method of replacing evaporated w ater 
were such as to introduce significant variations in the percentage of 
germination. The results show^ed that too much or too little w^ater 
would decrease germination, but the variations in water content 
involved in these tests wore large enough to be easily detectable by 
appearance. As a matter of fact, the paper very qifickly took on a 
slightly dry appearance if the level of free water fell belW the sur- 
face of the sand, and became soaked with water if the level rose above 
the surface. There seems to be no reason to suspect that better 
germinations could have been secured with a different amount of 
water in the sand or that the variations in moisture were sufficient 
to influence the results appreciably. 

After samples had been kept at the low' temperature until no more 
germinations occurred or until other circumstances made it nec essary 
to discontinue the test, they were placed at the high temperature, 
25® to 30® C., for a time to determine how^ many, if any, of the 
remaining seeds were still alive. 

The earliest germinations were carried out in a small, improvised 
incubator composed of a wooden box set in an ice-cooled refrigerator 
and equipped with electric heating units and a very siinplc thermo- 
stat. The work in the early months of 1926 was done in the labora- 
tories of plant physiology at the University of Illinois. The con- 
stant-temperature chambers built and operated by C. F. Hottes® 
were used in these tests. The last tw^o seasons’ germinations w^re 
made at Clemson Collegje in a constant-temperature chamber built 
for the purpose. It consisted of an insulated box placed in an electric 
refrigerator and equipped with heating coils, thermostat, and air 
stirrer. With this apparatus it was possible to get satisfactory 


* Homes, C. F. A CONSTANT HX'HimTY CASE. (Abstract) Phytopatliology 1921. 

COOPBHATn^E RKSEARCH IN PLANT PHYSIOLOCJY AN1> AGRONOMY. JoUf. Amer. SOC. AgrOD. 18: 

80>68, Ulus. 1926. 
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control and practical uniformity of the temperature. Thermometer 
readings indicate that there may have been at times a maximum of 
0.3° C. difference in temperature between the bottom tray and the 
top one. In order to equalize the effect of any such difference the 
position of the trays in the incubator was changed regularly. 

KESULTS 

GERMINATION BEHAVIOR AT LOW TEMPERATURES 

Preliminary experiments made with extemporized equipment in 
1925 with a few varieties of upland cotton inaicated that the mini- 
mum temperature for germination is approximately 12° C. The 
results of tlie later experiments are shown in detail in Tables 1 and 2. 
While not permitting the precise determination of the minimum 
temperature for germination, they fully confirm the original results 
in a general way. They indicate that cottonseed might possibly 
germinate at slightly lower temperatures if given enough time, but 
that it is far from likely that it would germinate at an appreciably 
lower temperature than 11°, especially since, as already explained, 
the actual effective temperature in the tests was slightly above that 
recorded. Certainly the germinations would not proceed at a lower 
temperature at a rate that would make such tests practical for 
selection work. 



Table 1. — Comparative germination of cottonseed at ld°y and '^5°-S0^ 
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A second point worth noting here is that near the minimum for 
germination a small difference in temperature makes a much greater 
difference in the behavior of the viable seeds than it does at a higher 
temperature. Thus the unweighted mean of the total germinations 
at 12® C. as given in Table 1, omitting the foreign cottons represented 
by only a few seeds each, is 30.7 per cent, while that at 16® is 71.7 per 
cent. Similarly, the means for the seeds killed by the treatment are 
51.4 and 23.4. In other words, reducing the tempemture from that 
used as a control (25®-30®) to 15® reduced germination only 28.3 per 
cent (100 — 71.7 per cent), while reducing it 3® further reduced it 41 .0 
per cent (71.7 — 30.7 per cent). Likewise reducing the temperature 
to 15® killed 23.4 per cent of the viable seeds while the 3 degrees addi- 
tional reduction killed 28.0 per cent more. The relative speed of 
germination, while not so easily summarized in a few figures, is very 
similar, as can be seen from Table 2. Another consideration showing 
the great variation in response resulting from a small change in tem- 
perature in this range is the fact that it was found practically impos- 
sible to repeat experiments with conditions enough alike to get identical 
results within the range of natural variation expected between samples. 
Any temporaiy failure of the regulatory apparatus to function, allow- 
ing the temperatures to rise for a short time, or apparently even merely 
the variation in room temperatiu*e where the daily examinations were 
made was enough to produce a sign^cantly different behavior in the 
germination. Thus, owing to the sliglily higher effective temperature 
m the latei' part of the season during the first two years, as explained 
under Methods, the germination became more rapid as the season 
advanced. While these results do not prove the point, they suggest 
rather strongly that the temperature coefficient for cotton germination 
in this range is considerably greater than at higher temperatures. 

VARIETAL VARIATIONS 

Reference to Tables 1 and 2 show that the varieties studied fall into 
two distinct classes with regard to the rate and percentage germination 
of the seed at temperatures near 12® C. In one class the rate is dis- 
tinctly greater than in the other. The more rapidly germinating class 
incluaes the American-Egyptian variety, Pima, and two varieties, 
Manchurian Black Seed and Manchmian White ^ed, of the Asiatic 
cotton, Oossypium nankirig. There can be no question about the inclu- 
sion of Pima and Manchurian Black Seed in this group, as they were 
tested at different times with results that were consistent throughout. 
There is more question with regard to Manchurian White Seed, since 
in this case the placing is mad^e on the basis of the preformance of 
only 35 seeds. However, in the one test made with the variety its 
behavior was so similar to that of Manchurian Black Seed that there 
seems to be no reason why it should not be placed in the same group. 
Figm*e 1 shows the germination of Pima in 1926 as compared with three 
other varieties after about 10 days in the germinator and Figure 2 
shows the germination of Manchurian Black Seed os compared with 
College No. 1 in Januaiy, 1928. In examining these illustrations it 
should be recalled that the seeds were removed as soon as they genni- 
nated, so that a blank space represents a germinated seed. It may be 
mentioned in this connection that the finding with regard to Pima is 


Feb. 15, 1982 Oermination of Cottonseed cd Low Temperatures 377 

sections where both Pima and upland varieties are grown Pima is 
planted earlier.® 

The second class of cotton varieties investigated includes all those 
not already mentioned, with the possible exception of some of the 
foreign varieties of which only a few seeds were available. In this 
group there is apparently a considerable variation between varieties, 
although it is practically impossible to give any of them more than an 
approximate place in an arrangement based on the performance in 
question. An attempt has been made in the tables to make such an 
approximate arrangement for each separate group studied. Since it 
was found impossible to maintain conditions from one germination 
test to another such that the germination of the check variety would 
remain constant, and since there wore likewise a number of as yet 
unexplained variations in the relative germinations of identical lots 
of seed, no attempt has been made to classify the group as a whole. 
About the only statement that it seems safe to make is that the strain 



Figure of sw<ls of Rowdon (A), Kekchi (B), seo 

islaud (C), ami Pima (D) cotton aftw about 10 daysat 12® Tho 

samples originally contained 200 .seeds oacb. Vacnnt places rei>- 
resent seeds which gcruiinatiHl and were removed. Tl’est started 
April 1, 1920 

of Cleveland used as a check stands well toward the foot. Cleveland 
is considered one of the earlier varieties ; but its earliness, at least in so 
far as this strain is concerned, is apparently not due to ability to germi- 
nate and grow well in cool weather. 

In this connection it is worth noting that failure to germinate at the 
low temperature does not necessarily mean that the seeds were killed . 
(Columns 12, 13, 20, and 21 of Table 1 and columns 17 and 18 of Table 
2.) This particular lot of Cleveland seed, for instance, always had a 
large percentage of viable seed remaining after a month or more at each 
test until the last, at which time it was over 2 years old. Such a 
characteristic would often permit early planting, even if the weather 
were not at once suitable for germination. Whether this character is 
hereditary or merely a chance characteristic of the samples in which it 
was observed can not now be stated. 


« Communication by C. B. Doyle, Bureau of Plant Industry, C. S. Department of Agriculture. 
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A possible explanation of some of the contradictory results men- 
tioned above lies in the fact, to be discussed below, that some of the 
data suggest that the germination performance of cottonseed varies 
after a year or so. If this is true, the relative varietal performance 
might vary considerably from time to time, depending on the relative 
age at which seed of the different varieties undergoes the change. 
In this case, of course, it would be necessary to make varietal cmnpari- 
sons before the seed of any had undergone the change mentioned. 
Presumably almost any time within the first year after harvest would 
be safe. 



FitiURE 2.~(}enn{iiatton of seeds of College No. I, lot 02 (A), Owypium nanking, C. B. 477, lot 66 
(C-D), and of a selection of the latter after 24 days at 12® C. Saroples originally contained 200. 

300, and 100 seeds, resiiectively. Seeds in (B) not considered in Table 2.) Seeds grown at Clomson 
College in 1927; test started jDecember 16 and 17, 1927 

It is probably true also that for a critical comparison of varieties 
where the difference is not very marked the seed should be grown in 
the same locality under as nearly identical conditions as possible and 
should be kept under identical storage conditions after picking. It is 
interesting to note in this connection that in all cases where Kentucky- 
grown seed was tested in comparison with seed of the same variety 
grown elsewhere (Tables 1 and 2) the seed grown elsewhere germinated 
more quickly at low temperature. But, owing to drought and ex- 
tremely high temperature, the cotton from which the Kentucky- 
grown seed was taken opened prematurely. Thus, the indication 
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is clear that the seed was affected adversely by weather conditions 
while the crop was maturing. The effect was of such a nature as not 
to be detectable under conditions favorable for germination but easily 
detectable at low temperatures. 

The considerations mentioned in the last two paragraphs may ex- 
plain at least in part some of the contradictory results obtained with 
most of the upland varieties. However, there" seems to be no reason 
for thinking them important enough to bring into question the finding 
concerning Pima, Gossypiurn nanhing, or the strain of Cleveland men- 
tioned. The performance of these strains was consistent throughout 
and extended through two generations in each case. 

INDIVIDUAL VARIATIONS 

Further reference to Tables 1 and 2 discloses the fact that there are 
among the seeds of most, and probably all, varieties a few that will 
germinate a week or more before the bulk of the germination occurs. 
Whether this earlier germination has a genetic basis or is only the 
expression of chance environmental conditions can only be learned by 
breeding trials, which in the present case have not gone far enough to 
detennine this point. In the case of Pima and other pure-line varieties, 
the latter is more apt to be the case than with the more heterogeneous 
varieties. Although a pure-line variety may not have been selected for 
the character in question, still the repeated selling employed in stabi- 
lizing it must have led to gametic purity in this regard as in others. 
However, the data indicate that variations occur often enough in the 
direction of increased ability to germinate at low temperatures to make 
comparatively easy the isolation by selection of strains notably strong 
in this regard, jirovided of course that such variations are in fact 
heritable. Whether the isolation of such strains ca,n be considered 
wortliw^hile will depend, of course, on whether the ability in question is 
correlated with hardiness to cold in the seedling stage. 

EFFECT OF AGE OF SEED ON GERMINATION IN THE COLD 

As suggested above, age may affect the gennination of cottonseed in 
the cold. It is very difTicult to arrange experiments to test this hypoth- 
esis, owing to the great difficulty of maintaining exactly the same 
temperature conditions for the germination of successive lots of seed 
and to the relatively large effect w^hich small temperature increments 
exert near the minimum. For this reason the comparative germination 
rates of successive samples of identical lots of seed can throw^ little 
light on the problem. 

However, during the winter of 1926-27 old seeds of Pima and College 
No. 1 were twice tested in comparision with seeds of the same varieties 
of the succeeding season's crop. (Table 2.) With Pima the advantage 
in the first test was clearly with the younger seed, both as to rate of 
gennination and number which genninated; in the second test the 
rates were practically the same. With College No. 1 a larger early 
germination was exhibited in both cases by the older seed, and in the 
nrst trial a greater total germination as well. In the second trial the 
total germination was about the same for the two lots. 

In 1927-28 some 1926 seeds of Piedmont Cleveland were tested in 
comparison with selfed seeds grown locally in 1927 from the same lot. 
The older seed germinated more promptly. Figure 3 shows the two lots 
of seed on the twenty-fourth day after they were put to germinate. 
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The older sample, at the higher temperature, germinated more poorly 
than previously. What may perhaps be interpreted as confirmatorjr 
evidence is the fact, already mentioned, that the placement of vari- 
eties differed rather widely from test to test. This result would be 
expected if the seed of one variety passed through the change more 
rapidly than that of another. 

On the whole, while the data can not be claimed to prove that an 
improvement in the ability of cottonseed to germinate in the cold 



Fiouae 3.— 'Germination of ^-year lot 1(A), and last season’s seed, lot 50 (B) of the same strain 

of Cleveland cotton after 24 days at 12® C. Younger seed grown at Clomaon College. Test 
started December 17, 1027 


occurs as the seed becomes older, they do suggest that a slight improve- 
ment may occur which is distinct from anything in the nature of 
afterripening. 

SUMMARY 

The minimum temperature for the germination of cottonseed is 
approximately 12° C. The increase in activity up to 15° is rapid. 
Seeds that do not germinate at a given low temperature wdll often 
remain viable as long as two months or more under the unfavorable 
conditions. 

Of all the varieties studied Pima and two varieties of Gossypium 
nanking exhibit the most rapid and most complete germination at low 
temperature. A strain of Cleveland used repeatedly ranks well toward 
the foot. Most of the upland varieties studied are intermediate, but 
owing to conflicting evidence it is impossible to rank them among 
themselves. 

There are individual variations in the ability of cottonseed to germi- 
nate in the cold, which if hereditary and correlated with seedling hardi- 
ness, can be used in selecting for this latter character. 

There is some indication that the rate and percentage of germina- 
;tion in the cold increase with the age of the seed, at least for a year 
eir two. 




jMMonmraAiM 

1 ' 

Voh. 44 Washinqtox, D. C., March 1, 1932 No. 5 


SOME FACTORS ASSOCIATED WITH THE BREEDING OF 
ANOPHELES MOSQUITOES* 

By (i. H. Bkadlev 

A:i8ociate Entomnlogutj IJitmion of TnsecU Affecting Man and AnimaU^ Bureau 
(f Entomology, United States Department of Agriculture 

INTRODUCTION 

The fact that in a given locality Anopheles is found breeding in 
certain water areas and not in others, or sparsely in some areas and 
abundantly in others, has given rise to considerable conjecture and 
no little investigation as to the causes of this condition. The present 
paper summarizes the results of two seasons’ observations in the 
vicinity of Mound, La. This locality Ls in the northeastern part of 
Ijouisiana in what is known as the Louisiana Delta region. Here 
the land is more or less flat, which accounts for the poor natural 
drainage and gives rise to niimeroiis shallow lakes in the lower areas. 
All of these areas are, to a greater or less extent, covered by tree 
growths. The streams of the region are known as bayous. They are 
sluggish, having little or no current except after heavy rains, and 
are usually more or less overgi'own with trees and brush, except in 
such stretches as have been cleared of this material. Land-locked 
branches of bayous form sloughs vrhich are similar to the bayous 
except that they are stagnant throughout the year and usually 
contain larger quantities of aquatic and semiaqiiatic vegetation. 
These areas, all of which prodiwe Anopheles to a greater or less 
extent, have been described in a previous paper {3).^ 

METHODS OF OBSERVATION 

Observations on the occurrence and abundance of Anopheles at 
selected points, or ‘^stations,” in these water areas were made montlily 
from May to September, inclusive, during 1928 and 1929. The 
larval abundance rate was determined on the basis of the number 
of larvae taken in a collection of 10 dips of surface water, the dips 
being made with an ordinary white-enameled water dipper about 
5 inches in diameter. At the time of each collection observations 
were made on the environmental conditions in the area, and the 
hydrogen-ion concentration of the surface water was determined. 
X. sample was taken of the top one-half inch of the water and this 
was carried immediately to th^ laboratory, where, after thorough 
shaking, 1 c c was placed in a Sedg^icki^Bafter counting cell and 
a count made of the number of organisms in 40 c mm of water, as a 
basis for computing the rate of occurrence of the organisms per cubic 
centimeter in the water. After this count the organisms in a large 

1 Received for pablicatioD Aug. 10, 1931; issued April, 1932. 
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sample of the water were concentrated by either filtering or centri- 
fuging and the sediment was examined for the presence of other 
forms. Samples of algal patches and algae^oated sticks were also 
collected and examined. 

In these examinations determinations, as far as genera when 
possible, were made of the forms observed, but those not readily 
fitting into the keys available were grouped only into classes. The 
Anpimeles larvae collected were taken, in water from the breeding 
area, to the laboratory, determined as to species, and dissections 
made of some, usually five, of the larger specimens in order to ascertain 
the nature of the food in^sted. In only two instances were species 
other than qmdrimacvlatus found, and these were taken from areas 
where qmdrimacvlatus also occurred. In these two cases the gut 
contents were similar for all species. 

INFLUENCE OF TEMPERATURE. PRECIPITATION, AND QUANTITY 

OF SURFACE WATER UPON ANOPHELES LARVAL ABUNDANCE 

RATES AMD PLANKTON CONTENT OF THE WATER 

In summarizing the obser\^ations it has been assumed that tem- 
perature and other conditions influencing the activity of Anoplieles 
during the five months from May to September, inclusive, are 
sufficiently constant to make all observations comparable. Table 1 
gives a summary of the larval collection records and plankton counts 
for the two seasons, arranged by months, together with pertinent 
meteorolomcal data and a surface-w^ater index. This index is the 
average of the width in feet of the water area at the various observa- 
tion stations, computed or measured when the larval collections 
were made. The records on plankton findings for each year are 
divided into two groups — those for the breeding stations where 
Anophdes usually were found, and those at stations located in 
impounded bayou areas where, on account of special conditions. 
Anopheles larvae were consistently absent. 

The figures for 1928 show the monthly larval rate as having a sea- 
sonal rise and fall with the rise and fall of the mean air temperature, 
the highest rate being in August, when the highest mean temperature 
occurred. For the following year, however, there are two peaks in 
the larval rate, one in May and the other in September, in which 
months the lowest mean temperature occurred. The writer has 
found from observations in this locality extending over a number of 
years that the Variation in summer temperatures does not noticeably 
affect larval population as measured by dipping. In a previous 
paper (S) the larval rates obtained during three other seasons are 
given and further illustrate this fact. 

The summer rainfall in this r^on is not usually sufficient to keep 
the surface-water areas from showing a steady decrea^ as the season 
advances. This gr^ual decrease in water surface tends to keep the 
margins of the water areas more or less free from vegetation, which 
encroaches on the shore line in times of stationary or rising water, 
and to remove from the surface of the water la^e quantities of flo- 
tage which are blown to the margins by the wind. This is not re- 
floated^ except in case of exceptionally heavy rains, until the high 
wateiB;^ the ensuing winter. (Fig. 1.) The lowering of the water 
gradually leaves the tree and brush covered marginal areas, 
those of the lakes, dry; and in the lakes the central parts 
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of which are devoid of aquatic vegetation the production of Anoph- 
eles ceases. 

In the data given in Table 1 it is seen that the surface-water index 
for 1928 fell only* gradually from May to August and was accom- 



FtouBiE Anopheles breeding plac'e et the edge of a swamp lake. Note how the <H^bris is 

becoming stranded as the water level grows lower 


panied by a rising larv|il rate. A rapid diminution of the water sur- 
face then occurred from August to September, attended by a falling 
larval rate. In 1929 the surface water decreased rather rapidly from 
May to August, as did the larval abundance rate. From August to 
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l^ptember, however, there was little fall in the surface water, making 
for more or less stable conditions in the breeding areas, accompanied 
by a rise in the larval index. These conclusions are of course appli- 
cable only to conditions as they occurred in this locality during the two 
years under consideration, for it is known that under certain condi- 
tions the opposite may be true, that is, a lowering water level may 
increase larval abundance by making large central open areas in 
lakes suitable for the breeding of Anopheles. One example may be 
cited of a large lake in which the early spring breeding was entirely 
marginal. The bed of this lake was almost completely covered by a 
thick growth of Potamogeton and Chara, which early in the season 
did not reach the surface. As the water became shallow, the long 
stems of these plants came to lie just at the water surface, providing 
excellent protection for Anopheles larvae and giving rise to the most 
intensive breeding over hundreds of acres of water surface. 


Table 1. — Lartal rales of Anopheles and planhton covnls compared to temperature^ 
precipitation ^ and surface water index at Mound, La, 

(One collection of 10 dips made at each station each month) 

BKEEPING STATION'^ 


Year and 
month 


102S 

May 

June 

July 

August.... 

September. 

1029 

May 

Juno 

July 

August 

September. 


4.2 

a76| 

12.4 

14.1 
6.4 

15.4 
11. S 

10. 1 

6.4 
14.0 


Indies 

2.67 

8.04 

6.25 

1.00 

.89 

2.83 

2.76 

4.61 

1.82 

1.10 


I Tempera- 
turcs 


32388. 


82.3 
186.6 

91.8 

93.4 


82.2 

^192.2 


123 
107 8& 6! 


Avmgo ninnlM'r of organisms imt cubi'r contiinoter 


Minimum 

Mean 

Total plankton 

Flagellates 

Ciliates 

spioqaoaty 

Diatoms 

1 

1 

S 

o 

Cyanophyceae 

Miscellaneous 

op 










m.o 

70,7 

5,159 

1,602 

119 

3 

204 

HI 

0 

0 

68.9 

77,8 

9,025 

4,850 

450 

8 

909 

8,208 

06 

4 

7a7 

81.0 

r 5,535 
W3,366 

kiw 

256 

2 

865 

225 

f 28 

1>36,804 

} 62 

71.1 

82.3 

11,700 

7,444 

8,300 

654 

123 

1,573 

1,177 

176 

254 

68.9 

71.1 

14,135 

612 

58 

8,430 

977 

176 

5S3 

62.1 

72.2 

4,527 

3,713 

129 

4 

383 

277 

13 

8 

66.7 

77.9 

7,415 
, 9,432 

5,889 

117 

4S 

1,569 

219 

60 

4 

69.8 

81.0 

4,450 

384 

27 

1,298 

1,641 

1,562 

70 

66.6 

79.0 

( I6il64 

l*66,081 

k676 

375 

18 

1,432 

/ 6,550 
\*66,a97 

} 193 

121 

63.1 

76.8 

11,060 

8,288 

287 

0 

1,082 

6,287 

1,150 

25 


IMPOUNDISP BAYOU STATIONS 


1028 

May - 

3 

3 

3 

3 

3 

3 

3 

2 

3 

2 






1 

June,,,., 






July 






Ausniat 






September 






1029 

May 






June 

July 











August 





( 

September 







j 



1 



10»483 

15.283 

7,917 

9,867 

15,688 


24,925 
, 6,387 

•514, 442 j 
' 25,642 
9,800^ 
•461,000. 


10,233 

4,888 

6,359 

6,567 

4,725 

1,616 


i.613 


100 

450 

583 

660 


167 


11,659 483 


238 


5,676 438 

[6,960 425 


1QQ| 

1| j 

1.^ 

6,99a 


660 

|11,400 

612 

976 

926 


60 
7,667 
1, 183 
1,317 
2,483 


183 

975 

»{ 

3,609 

St426{ 


0| 

991 


42 0 

200 0 
360 450 


42 

608 

12 

•600,008 

14,900 

•460,050/ 


0 

0 

} « 
60 
\ A 


Vlucluding the count from l collection which contained an extremely large number of 1 group of organiema. 
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C^^onsiderinj? next the effect of teiiiperaturo, surface water, and 
rainfall on plankton or^^anisins (Table 1), it appears that there is a 
wide range of variation when the data for a like group of stations for 
the two years or for unlike groups during the same year are considered. 
The impounded-bayou poup of stations in both years shows as a rule 
greater abundance of plankton than is shown by the breeding group. 
(Tables 1 and 2.) This condition is associated with clear water 
surfaces and absence of shade. (Fig.2.) An increasingly greater 



Fir.uiiK 2.* -View alorip n doored and impounded bayou, showing absence of debris nod vof^tatinn. 
riiich places ns tliis are inosqulto-frcc 


number of plankton organisms appears to be present in the water as 
the season advances and as the volume of w^ater diminishes, but this 
increase is quite irregular and is caused no doubt by the common 
phenomenon of periodicity in certain species of organisms. On four 
different occasions one collection was found to contain so largo a 
number of one kind of oiganism that it colored the entire body of 
water at the station where it was taken. The high counts obtained 
in these instances unduly affect the entire average and for compara- 
tive purposes are better omitted. The averages obtained when these 
high counts are included are shown in braces in Tables 1 and 2. 
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Tablv: 2. — Average number of plankltm organisms as compared to laival abundance 
rates of Anopheles at Mound, Iai, 


Yefir and num- 
ber of observa- 
tions 


1928 

W 

10 

Ifl 

13 

9 

3 

6 

3 

1 

1029 
13 

9 

9 

8 

9 

1 

3 

2 

1 

2 

2 


Larval abun- 
dance per 10- 
dip collection 


Average number of organisms per cubic centimeter 


Range 

liato 

Total 

plankton 

Flagel- 

lates 

OHiates 

Amoe- 

boids 

(•) 

0 

11,847 

10,927 

6.354 

f'>83 

0 

0 

0 

7,302 

5.32 

25 

1-5 

2.13 

/ 8,407 

\ M 7. 160 

} 4,500 

458 

17 

6-10 

7.46 

8,535 

6,194 

271 

37 

11-15 

13.33 

6,672 

4,511 

328 

47 

16-20 

18.67 

12,592 

10,625 

6.33 

17 

21-25 

23.50 

10, 129 

4, 154 

400 

146 

26-30 

28.30 

9,275 

6 , 6.50 

433 

0 

31-35 

33.00 

3,100 

2,475 

375 

0 

(•) 

0 

f 14,742 
t ‘ 206,707 

} 6,113 

352 

6 

0 


17,976 

11,028 

383 

14 

1-6 

3.22 

/ 7, 819 

\ 648,548 

} 2,665 

292 

8 

6-10 

1 7.60 

6,812 

3,125 

87 

40 

11-16 

i 13.00 

8,888 

6,488 

255 

14 

16-20 

! 19.00 

2,725 

1,975 

0 

200 

21-25 I 

i 24.00 

6,617 

4,059 

92 

0 

26-30 

28.00 

2,963 

1,125 

950 

fr 3 

0 

31-35 

32.00 

4,100 

25 

0 

36-40 ' 

! 38.00 

4,838 

1,238 

1.50 

100 

41-45 

1 42.00 

3,400 

2,838 

225 

0 


Din- 

loins 


1,873 

2,174 

736 

920 
1,203 
642 
8, 712 
1,284 
200 


3,219 : 
1,211 


2,530 

574 

2.552 

706 

355 

567 

1,367 

800 

50 


1,461 

4,103 


1,578 3911 


2,050 
639 : 
550 I 
558 : 
537 1 
325 I 
325 : 
262 ; 


M 3, 945 
266 
1,275 
0 
02 

1,000 

1,925 

1,000 

75 


C'yano- 

phycene 


317 

205 

25 

628,221 

94 

61 

108 

167 

0 

0 


3, 570 
* 103,102 
1,236 


141 

192 


2,025 

0 


Miscel- 

laneous 


90 

115 


.304 

167 

0 

183 

108 

0 


103 

25 

0 

33 

0 

575 

0 

0 


COMPARISON OF LOW WITH HIGH BREEDING STATIONS (ONE COLLTSCTION 
OMITTED EACH YEAR) 


1928 

29 

1-10 

4. .55 

8,465 

5.200 

374 

26 

822 

1, 725 

50 

22 

[ 11-35 

19.70 

8 , 6 ir 

5,448 

406 

61 

1,776 

707 

85 

1929 

17 

1-10 

5.30 

6,875 

2,824 

196 

24 

1,800 

1,720 

267 

20 

11-45 

22.80 

6,289 

4,195 

174 

27 

627 

891 

430 


202 

133 


54 

45 


■ Impounded bayou. 


» Including 1 blgb count. 


• Including 2 high counts. 


COMPARISON OF LARVAL RATES AND PLANKTON COUNTS 

Table 2 gives a summar7 of the results of the organism counts for 
the two seasons under consideration^ as compared to larval population, 
irrespective of environmental conditions in the breeding areas. The 
data are divided into three groups, viz, those made in the cleared and 
impounded-bajou areas where Anopheles was consistently absent; 
those made in areas where Anopheles was usually found but for some 
reason was temporarily absent; and those made in areas where 
Anopheles was present. The observations in the last group are 
divided into subgroups based on increasing larval population. 

In addition to showing the general tendency for the nonbreeding 
waters to have a higher plankton content than the breeding waters, 
the data mven in this table seem to indicate that among the breeding 
stations those having the greatest larval population have the lowest 
plankton population, this be^ true whedier the total plankton or a 
major class of organisms is considered. By summarizing these 
recoids further, however, and making only two subgroups of breeding 
smipns, viz, those with low larval rates (1-10) and those with hig^ 
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larval rates (11 plus), it is s(?eu that there is little <liffertMi<*,e in the 
average plankton population per cubic centimeter of these two groups 
when the total plankton is considered. In the individual classes of 
organisms the major differences in the rates of occurrence are not 
constant w'hen one year is compared with another except in the case 
of the Chlorophyccae, and here, by the elimination of an additional 
high record from the low breeding group for each year, this apparent 
constant difference may bo eliminated. (The average of 1,725 in 
1928 becomes 439, and the average of 1,720 in 1929 becomes, 1,111.) 

While it might appear logical to conclude that the absence of feeding 
by the larvae was responsible for the higher plankton rates in the 
nonbreeding groups of stations, it is believed that the environmental 
conditions prevalent in these areas were the principal cause of the 
large plankton population. In the impoundea bayous the water is 
unshaded and has no acpiatic vegetation to cover its surface. This 
condition, of course, favors more rapid growth and multiplication of 
the chlorophyll-bearing organisms than occurs in shaded or partly 
shaded areas in which most of the Anopheles breeding takes place 
hereabout. The group of observations made when Anopheles were 
ternporararily absent also shows a high plankton count in each year. 
This may be explained by the fact that a part of the observations in 
this group were made at stations where the water had receded from 
marginal shaded areas in which larval protection had occurred and, 
at the time of observation, presented conditions similar to those in 
the cleared and impounded bayou areas previously mentioned. 

RATE OF OCCURRENCE OF THE FOUR COMMONEST PLANKTON 

GENERA IN ANOPHELES BREEDING AND NONBREEDING 

WATERS 

In comparing the records on the nite of occurrence per cubic centi- 
meter of the more common plankton genera with the absence of and 
the presence in increasing nmnbers of Anopheles larvae, no definite 
trends were found. The data in Table 3 illustrate this condition as 
it occurred in four of the most common genera of the flagellates. In 
this table the findings are grouped into the same divisions in regard 
to larval findings as are used in the latter part of Table 2. The aver- 
age numbers of these genera per cubic centimeter are given and also 
the percentage of the total Apellate population of the water that 
these four genera represent. The data show that these genera are 
present in abundance in each of the groups of observations and that 
they compose practically the same percentage of the total flagellate 
population in each group, with the exception of a low percentage in the 
impounded-bayou group of stations in 1929. Tliis is caused by larger 
counts of less common genera and not by any lack of abundance of 
the genera under consideration. It is also noted that the temporary 
nonbreeding-station group in each year had a high flagellate popula- 
tion, and tms may be explained by the fact that some of these areas 
are bodies of water having very little shade and are sometimes more 
or less fouled by the wafiowing of animals. This type of location 
has been found to be particalarljr suitable for the development of 
large numbers of flagellates, particularly Euglena spp., which often 
become so abundant as to color the water green. 
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Table 3. — Occunence of the four commonest flagellale generOy compared to Anoph^ 
eles larval abundance^ Mounds La., 1928 and 1929 


Year and station group 


1U2K 

Ot^ nonbreeding.. 
IjOW larval density. 
High larval density. 

1920 

Impounded bayou.. 
Other nonhreeding.. 
Low larval density. 
High larval density. 


i Aveiage rate per cubic centimeter 
Aver* ! 


Obser- 

va- 

tionK 

Larval 

raiigo 

1 

per j 
10-dJp 
(jollec- 1 
titin 1 

i 

Eu- 
1 glojia 

Tra- 

chelo- 

inonas 

Chla- 

niydo- 

Ttiunas! 

Phacus 

Total 

1 of 
four 
genvra 

Total 
of all 
flagol- 
latr.s 

1 

... 

— 



— 

- 


- 


Nuvh 

her 

1.^ 

0 


1,440 

2,127 

530 

12:1 

4,220 

6 , 35:1 

10 

oj 


3,040 

1,309 

.592 

312 

5,253 

7,302 

-29 

1-10 

4.6 

1,234 

1,700 

336 

155 

3,425 

5,200 

22 

11-36| 

19.7 

1,798 

1,020 

1,207 

60 

4,086 

5,446 

Ih 

oj 

j 

1 

i 1,320 

935 

1, 348 

167 

3,770 

0,8821 

9 

01 


! 5,097 

1.3281 

1,281 

447 

8, 153 

11,0281 

-17 

MOj 

.5.31 

1 .522 

,588 

922 

102 

2, 134 

2, 824! 

20 

11-4.51 

1 

1 22.81 

1 1 

1 8.31 

921 

1.231 

! 

3, 107 

4, 19.5j 

1 


Per- 
cent- 
age or 
total 


dagel- 

lates 


60.42 

71.94 

65.12 

76.03 


54. 78 
7.193 
76.67 
74.07 


o 1 observation omitted, as in Table 2. 


EFFECT OF IMPOUNDING WATER ON ANOPHELES BREEDING 

The fact that the waters of this locality are well stocked with the 
mosquito-destroying fish Qainhmia affims Raf. makes it necessary 
that protection of some sort be afforded Anopheles larvae before 
development can take place. This was well illustrated by Van Dine 
(7), who cleared and impounded a 1-niile section of one of the bayous 
near Mound and thereby (diminated the production of Anopheles in 
the area, (Fi^. 2.) Tliis section was completed in 191fi, has been 
under observation continuously since that time, and has maintained 
itself mosquito free. Although other factors in addition to those of 
lack of vegetation and debris may be concerned in bringing almut this 
condition in cleared and impounded areas generally, it is certain 
that unless protected from their enemies Anopheles larvae do not 
develop in numbers in this vicinity. 


DISCUSSION OF FACTORS IN LARVAL PROTECTION 

Protection for larvae is afforded in waters in their natural state 
hereabout by floating vegetable debris, and by plants which grow 
on or at the surface of the water in such a manner as to conceal the 
larvae from their enemies. Floating debris may be more or less 
readily divided into two classes, viz, ‘‘large^^ d6bris and ^^smair^ 
debris. The fonner consists of logs, fallen trees, sticks, leaves, etc.; 
it does not form a particularly compact mass on the water surface 
and is not ^ effective in protecting the larvae as is the small d^biis. 
The latter is composed of small rotting particles of vegetable matter 
resembling veiy coarse sawdust which collect on the water surface 
and form mats of various sizes, in which the larvae are well protected 
fiom their enemies. Floating debris is much affected hy wind and 
by the ririne and falling water levels caused by alternating periods 
of rain and d^ught. In open areas and in the absence of vegetation 
or large debris to seiye as anchorage, a wind will sweep the smaller 
material to shore, where a lowering water level will shortly strand 
it until a later rain causes the water to rise. In this manner good 
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larval protection may be alternately present and absent in the same 
location. This same process is in effect, of course, with the larger 
debris but to a lesser extent, as this material, especially the fallen 
trees and logs, tends to become lodged or anchored in place. Figure 3 
shows an Anopheles breeding place fonned by collections of debris. 

Of the plants that serve as protection for Anopheles larvae, the most 
important perhaps arc the filamentous algae whi(*h grow at oj* just 
below the surface film of the water. (Fig. 4.) Anopheles larvae 
usually thrive in their presence. CV.ratophyllujn, Potajnogeton, 
(?hara, and othei*s of the larger plants which gi*ow in the water and 
parts of w^hich (*ojne to lie at the water sui’face, provide protection in 
essentially the same manner as the algae. Floating plants, such as 
Lemna, Ileterantheria, Wolffia, Azolla, etc., can not be considered as 
effective protection for Anopheles larvae because of the fact that 



Figure 3,— A n uiiclcaml bHyuu during high water, showing colU*ctioiis of Anophehw-shoitcring 

debris 


their leaves lie on top of the w’at-er surface and therefore do not hide 
the larvae from their enemies in the water. Patches of such plants, 
however, when not too dense, usually harbor attached algae or other 
materials which favor mosquito l)i*eetling. Furthermore, these algae 
and other materials tend to keep the leaves of the floating plants from 
forming a compact surface mat w’hich would ineehanically inhibit the 
production of Anopheles. In the same manner, plants such as 
Castalia, Neluinbo, Saururus, grasses, etc., which root on the bottom 
and extend to or through the water surface, while not of themselves 
providing much protection, serve as attachment and lodging for 
other protective materials. 

Plants which have large root and stem masses below the water 
surface and send shoots above the ivater, sometimes in such profusion 
as to hide the water surface entirely, may or may not provide good 



390 


Journal oj Agricultural Research 


Vol. 44, No. 5 


larval brooding areas. In this class are siK^h plants as Jussiaoa, 
knotweed, smartweed, climbing hempwoed, etc. Jussiaea, for in- 
stance, by its habit of growth seems to offer excellent ])rotection for 
larvae, and, when only small quantities of it are present in an area, 
larvae of all sizes are nkely to be found among its algae-coated stenis 
and roots. However, when an area becomes thickly covered with 
this plant, even though conditions in spots appear favorable. Anophe- 
les breeding is often veiy sparse or 'wanting. While this plant grows 
luxuriantly imder a variety of conditions, it shows a particular 
tendency to grow rapidly and to form a dense covering over the water 
surface in newly clearea or in cleared and impounded areas. For 



FiGuiiE 4.->A patch of green algae mingled with debris. Anopheles larvae are usually abundant 
in such locations 


some reason this luxuriant growth has not been observed to persist as 
a rule in the same location for several successive years. 

ADAPTABILITY OP LARVAE 

Our common Anopheles mosquitoes are undoubtedly adaptable to a 
wide variety of breeding places, and, lacking their preferred habitat, 
they may readily choose another; that is to say, the fact that Anoph- 
eles larvae are not foimd in a certain location is no reason for believ- 
ing that conditions in that area are such that they can not develop 
there. For example, in the course of airplane dusting operations a 
few years ago it was found that whereas the shrub ana Nelumbo 
covered marginal areas in a large lake were breeding Anopheles, no 
larvae were present in a large central area of the lake which was more 
dr l$B$ covered with growths of Castalia. Both areas had a thick 
s^^itrface growth of Ceratophyllum, Potamogeton, Utricularia, 
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algae, etc., which afforded (excellent protection for larvae. A period 
of di'ought caused the marginal areas to become dry, and afterward 
intensive breeding occuiTed all over the Castalia-(*overed area. 

PLANTS AS CULICIDES 

A summary and discussion of the literature on the larvicidal effect 
of plants on mosquitoes has recently been published by Matheson (4)- 
It is clear from his discussion that certain plants are definitely asso- 
ciated with lack of mosquito breeding in certain localities and not in 
others; in spite of considerable work on the subject, however, the 
exact factors causing these conditions are still unknown. It is 
impossible at the present time to ascribe to any of the plants growing 
hereabout definite larvdcidal qualities against Anopheles mosquitoes, 
except those that are involved in limiting breeding in a purely mechan- 
ical manner, as will be shown later. 

EPPECT OF DfiBRIS AND OF ALGAE AND OTHER PLANTS ON 
LARVAL ABUNDANCE RATES AND PLANKTON CONTENT OF 
WATER 

Table 4 shows the effect on the larval abundance rates of the pres- 
ence and absence of d6bris in the breeding areas, irrespective of other 
protective agents, and also the effect of the presence of filamentous 
algae within each of these groups. It is here shown that in the areas 
lacking protective material no Anopheles breeding occurred and that 
in the areas containing large df^bris only the larval rate was much 
lower than in those where both lai’ge and small debris occurred. When 
filamentous algae are present with large debris the effect is to increase 
the larval rate considerablv; when they are present with large and 
small debris, however, the larval rate is not essentially different than 
it is in their absence. These findings indicate that sniall debris and 
filamentous algae afford about the same degree of protection to 
Anopheles larvae. The percentage of large or mature larvae foimd 
in larval collections from the breeding areas is given to show that 
protection is afforded the insects by these conditions throughout 
larval life. 

Table 4. — Effect of dihria and algae on larval abundance rates at Mound, La., 

m8-29 


Num- 
ber of 
obser- 
vations 

Protective material 

Larval 
rate i>er 1 
1(1 dips 

I.iarge 

larvae 

7 

None.. 

Number 

U 

Per cent 

0 

48 

Large ddbris 

8.(1 

23.3 

54 

Large and small debris 

13.01 

23.7 

21 

Large debris, no algae 

5.4 

26.9 

27 

Large debris, with algae I 

Large and small debris, no algae 

11.2 

21.7 

14 

13.9 

! 20.8 

40 

Large and small debris, with algae - 

12.8 

j 24.6 


Table 5 gives additional data on the occurrence of Anopheles larvae 
with protective materials and also shows the nature of the plankton 
content of the water in each of the groups of breeding areas. This 
table shows that the larval abundance rates in the groups having 
large d6bris alone, those having grass, weeds, etc., and those having 
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filamentous blue-green algae with and without weeds and grass are 
somewhat similar for both the years under consideration. In the 
groups with filamentous green algae alone, and those with a mixture 
of the green and blue-green material, the figures for the two years are 
not at all alike. In 1928 the presence of blue-green algae appears to 
have had a somewhat inhibitive effect on Anopheles breeding, as the 
stations having this material alone gave the lowest larval rate of any 
group in which filamentous algae were present, while those with green 
algae alone had a very liigh rate, and those with a mixture of the two 
forms had an abundance rate indeterminate between the two. In 
1929, however, the effect of the presence of blue-green algae is not so 
clear, because, while the group of stations in which this material w as 
found alone gave a lower rate than that in which green algae appeared 
alone, as in 1928, the group having a mixture of the two forms had 
the highest abimdancc rate. Large debris alone does not appear to 
afford very effective larval protection, but weeds, grass, etc., do. The 
presence of visible patches of filamentous green algae with large debris 
greatly increased the larval rate, either when found alone or when 
mixed with blue-green algae. When no algae other than blue-green 
was observed the larval density was much lower than that of any 
group in which algae occurred in association with debris. 


Table 5. — Ejfect of (Uhris and other maierials on Anopheleit abundance rates and 
plankton content of the water ^ Moundf La. 

WITH LARGE DEBRIS ONLY 




Visible ilia- 


Year and 
ob.servatiOD.s 

I. 1 H 1 vne 
iw 
KHiip 
collec* 

men 

alfi 

toii.s 

ae 

Grass, 

weeds, 

ete. 


tion 

Green 

Blue- 

green 


IUi8 



, 



2.0 





10. 2 


_ 


2 : 

4.C 


+ 

>'±: 

6 : 

7.8 

+ ! 

! + 


7 ; 

18. 1 

+ 1 

- 

dez 

l»i9 ’ i 





2». ! 

0 




3 . . 

8.0 

_ 

_ 

1 + 

2.. .. J 

6.0 

— 

+ 

! 

3 

16.0 



d: 

fi 

0.9 

+ 


db 


OrgiUiiKins [ler <riihic («ntiirie(«r 


Total 

plank- 

ton 

Flllg.1- 

lates 

CQi- 

ates 

Amne- 

boids 

.'>.624 

4,072 

417 

.W 

5,820 

3.917 

325 

4 

30,350 

9,212 

125 

213 

13,708 

8,221 

626 

125 

8,400 

4,125 1 

1 354 

18 

18,225 

12,688 

350 

0 

8.808 

7,350 

225 

8 

6,050 

2,760 I 

1 163 

13 

4,625 

825 I 

! 100 

67 

16,676 

1 6,058 j 

i 292 

50 


Dia- 

toms 

(Tilorcv 

(’yuno- 

Mis- 

Phy- 

ceae 

phy- 

ceae 

oella- 

neouK 

555 

260 

n 

250 

1,425 

154 

4 

0 

1,350 

18,237 

250 

063 

2,746 

1 1,446 

325 

220 

2,367 ! 

1 1.180 

103 ! 

1 

164 

ISO ! 

37 

5,000 

0 

717 i 

467 

8 

33 

2, 576 

387 

25 

187 

276 i 

1,867 

1,483 

8 

2,106 1 

7,202 

602 

06 






WITH LARGE AND 8MALJ. DEBR1.8 


I02S 

/} ... 

3 

0 

3.-, 

17 

1020 

6 

0 

14.2 

10.3 

'l7.5 

8.6 

14.0 1 

+ 

+ 

+ 

+ 

1 

+ 

± 

3b 

dr 

+ 

’ 

0,260 

12,925 

4,040 

11,225 

200 

675 

5 

33 

U40 

402 

455 

467 

20 

33 

0 

0 

6,760 

7,2251 

1 7,977 

4. 142 

2,533 

217 

877 

417 

0 

26 

17 

800 

677 

844 

400 

418 

8,812 

75 

48 

312 

125 

131 

42 

2 

“‘zo’i 

... 


d; ' 

10,326 

A 612 

513 

0 

2,068 

2,075 

63 

0 

0 

22.0 

+ 

+ 

d3 

4,707 

^072 

117 

8 

028 

364 

355 

68 

9--.-. 

^ i 

13.1 J 



d; - 

6,055 

4,958 

153 

81 

858 

47 

5 

3 


o 1 obsdrviitioa omitted. 

& PliSMiiinuo fllcmi indlGftto that sonie of the dips of the lOdlp colleotion (jontatned grass, weeds, etc., 
diiiM this material was absent. 
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Table 5 also shows the effect of large and small d6bris, alone and in 
combination with other protective agents, on larval rates and on the 
plankton content of the water. When small d6bris is foimd in asso- 
ciation with weeds and grass or with algae the rates of larval abun- 
dance are not markedly different from those in similar groups but 
with only large debris present. In those groups that combine large 
and small debris with the algae (as in the lower part of Table 5), tne 
group showing blue-green filamentous algae has a low larval rate, 
llowever, the group in which blue-green filamentous algae were 
found mixed vith green filamentous algae had much higher rates 
than the groups that had green algae alone. This fact would seem 
to indicate that if there is any relation between the presence of fila- 
mentous blue-green algae and the scarcity of Anopheles larvae, this 
deterrent influence is overcome hereabout by the presence with it of 
green algae. 

The data on plankton organisms show that each of the groups is 
well supplied with plankton food for the larvae, and that the groups 
having the highest larval rates tend to have the lowest plankton 
counts, as has been previously noted. It is not believed that this 
<?ondition is particularly significant, except as it indicates that in this 
locality the most favombic breeding conditions occur in more or less 
shaded areas, while the chlorophyll-bearing organisms become more 
abundant where the water surface is open. 

EFFECT OF CYANOPHYCEAE ON LARVAL ABUNDANCE 

Table 5 shows that filamentous blue-green algae, when unassociated 
with green filamentous algae in the breeding areas, apfiarently limits 
the production of Anopheles. This might readily be ascribed to the 
fact that the growth habit of the -filamentous Cyanophyceae is such as 
to give vei-y little protection to the larvae, since the patches of blue- 
green algae when found alone are usually small and are easily blown 
about by the wind, or when growing attached to debris they usually 
form only a very narrow fringe. However, Boyd (2) reported a nega- 
tive relation existing between the unicellular Cyanophyceae and anoph- 
eline larvae, and recently Allison and Morris (/) have shown that 
blue-green algae possess the power of nitrogen fixation. In studying 
some factors in mosquito ecology, vSenior- White (6*) reached the con- 
clusion that “saline ammonia is inhibitory to Anopheles breeding, save 
in the case of the rossi gmup, in amounts exceeding one part per 
million.’* It may be, therefore, that in the areas hereabout where 
large quantities of Cyanophyceae are present, the water is given 
a saline ammonium content suffi<*ient to make it unfavorable for 
Anopheles production. 

EFFECT OF LEMNA ON LARVAL ABUNDANCE 

The effect of the presence of Lenina spp. in various quantities 
on larval abundance and on the plankton content of the water is 
shown in Table 6. In this table tne observations on the abundance 
of this material have been divided into four groups, viz, those without 
Lemna (0), those with only scattered patches (+), those with an 
abundance but not sufficient to give the water a continuous surface 
mat (+ +), and those with a complete surface mat of the plant ( + -f -f ). 
It is noted that the presence of considerable quantities of this material 
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(Table 6 (+ + ); fig. 5) usually indicates good breeding conditions for 
Anopheles, while a complete surface mat (Table 6 (+ + +); fig. 6) of 
Lemna effectively checks breeding. It would also appear from the 
records of 1928 that even small quantities of Lemna (Table 6 (-1-)) 
tend to increase larval rates. This condition was reversed in 1929, 
however, and it is believed that in general the quantity of Lemna 
present in locations of this type has no particular effect on larval 
protection and abundance. T’hat larvae reach maturity in all these 
environments except that having a complete surface mat of Lemna is 
shown by the percentages of large, or approximately mature, laiwae 
occurring in the collections. 


Table 6. — Effete of Lemna on larval rates and on plankton counts per cubic centi» 
meter in Anopheles breeding areas at Mounds La. 








Organisms per cubic centimeter 



Year and 
number of 
obeervations 

Larvae 


Quan- 
tity of 
liemna 









in 10- 
dipool* 

1 lections 

! Large 
larvae 

1 

Total 

plank- 

ton 

Flagel- 

lates 

CUiates 

Araoe- 

boicl.s 

Dia- 

toms 

nUoro-I 

phyceae 

1 Cyano- 
pliyoeae 

1 Mis- 
cella- 
neous 

1928 


Per cent 








1 

i 

1 

as 

' 8. 17 

20.3 

0 

23,070 

7,362 

6,867 

4,683 

434 

17 

! 1, 4Ji7 

1,684 
768 ! 

13, 426 : 
67 1 

' lOf) 

17 i 

11.36 

28.6 

+ 

386 

06 

[ 1.086 

i 277 

6,., i 

16. 67 ! 

30.8 

++ 

7,068 

3,646 

620 

21 

1 2,641 

046 { 

76 

I 200 

3 — 

.33 

0 

+++ 

1,876 

1,176 

108 

U 

j 325 

200 ! 

0 I 

1 

67 

1020 








1 


1 

1 

26 

12.72 

21.7 

0 

0,080 

31,077 

4,660 

4,060 

236 

4 

801 

2,304 

24,066 

1,381 

1 721 1 


18 

7.22 

17.7 


5,777 

240 

42 

1 1,725 
{ 460 

i _ 

76 

1 61 

4 

26.75 

6.8 


1,244 

87 

50 

1, 176 

; 144 

0 . _ 

+++ 








1 1 





Lemna in large quantities causes lack of activity among chloro- 
phyll-bearing plankton bv cittting off most of the sunlight fiom the 
water surface. This is illustrated by the figures in plankton density 
given in Table 6. As usual, the highest plankton counts are associated 
with the lowest larval rates except in the case of the group in which a 
complete mat of Lemna covers the water surface; here, on account of 
the absence of simlight, the plankton count is low and, for mechanical 
reasons, Anopheles larvae are exceedingly scarce. If the observations 
on the occurrence of Anopheles larvae with Lemna are separated into 
groui>s on the basis of those made at stations having large debris in 
addition to Lemna and those made at stations having both large and 
small debris in addition to Lemna, it will be foimd that the same 
general conclusions with respect to abundance of Anopheles in the 
presence of increasing quantities of Lemna apply. 

HYDROGEN-ION CONCENTRATION OF WATER IN RELATION TO 
PRESENCE OF ANOPHELES LARVAE 

At the time of each observation on larval abundance a hydrogen-ion 
determination of the water was made by the use of aLaMotte colori- 
nietric set. Table 7 gives a record of these determinations, which are 
divided into three parts^those made in the impounded areas, those 
made in areas from which Anopheles was temporarily absent, and 
those made in areas in which Anopheles was found. ^ The data show 
that the 'sraters in this locality do not have a particularly wide pH 
range and that they are predominantly alkaline in reaction in each 
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FicuKK Ct.—hernna .sjii). in abundance on water surface; a goofi environment for Anopheles 



FlOliKK 0.— A small lake with the water surface entirely covered by Umna epp. Anopheles larva 
are exceedingly scarce or entirely absent in sucli.places 
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group of stations. Most of the pH values in the impounded areas are 
slightly higher than in the other groups, the mean being 8.01, while 
the mean in the breeding areas is 7.42. Undoubtedly the higher pH 
value in the impounded areas is connected with the higher ^ankton 
content of these areas, as it is known that the photqsynthetic action 
of the algae decreases the hydrogen-ion concentration of waters in 
which they o(^cm*. In Table 7 tno readings have been divided, for 
each group of observations, into those made in the morning and those 
made in the afternoon. The afternoon readings in each group have a 
somewhat higher range than the morning readii^s, illustrating the 
diurnal variation in hydrogen-ion concentration discussed by Mathe- 
son and Hinman (5). The data give no indication that the hydrogen- 
ion concentration is essentially different in the breeding and non- 
breeding waters. The five highest readings in the breeding i^cas 
were associated with high larval rates (from 14 to 37 per 10 dips). 
Except for these, there was little or no correlation between larval 
abundance and either high or low readings. 

Table 7. — Hydrogen^ion concentration of water areas at Mound, La., 1928 and 1929 


Number of observations in which the nH readings 
came within the indicated ranges of hydrogen-ion 
(^ncentrution 


.station 


Impounded bayous... 
Other nonb reeding areas. 
Breeding area** ... 


Time of vlay 


Morning.. _ 
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Morning.. 
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Morning.^ 
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j 
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1 1 


4 j 4 

2 { 2 i 






1 2 
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0 

”2 
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2 1 




1 



....! 1 

3 1 i !. 
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10 
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12 
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3 

0 

0 

0 

7 1 4 
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1 1 

0 . 1 - 

0.2 

1 

1 

... 3 


:”i’ 


1 



1 

t--*: 

...I 

i : 

1 ..... 

“'•i 


RESULTS OF LARVAL DISSECTION STUDIES 

Dissections were made of 31 lots of larvae in 1928 and of 32 lots 
in 1929 (a. total of 272 larvae) to ascertain the nature of the food 
ingested. The larvae were not killed at the time of collection but 
were placed in water from the collecting area, brought immediately 
to the laborator^r and examined. In making these dissections a 
larva was placed in clear water, the head and the last two or three 
abdominal segments were removed, and then by the use of needles 
and forceps the gut was drawn out, placed in a drop of clear water 
on a slide, and the contents squeezed out. A cover glass was then 
applied and the mount examined. A summary of the results of 
these dissections is given in Table 8. 

This table shows the number of times each genus of organism was 
foimd in the water from the collecting areas, the number of times 
the genus was represented in the pit contents of the larvae examined 
from these locations, and also the number of times the genus was 
found in the larvae when not observed in the water sample. It is 
seen from these records that most of the genera, whether commonly 
or rarely present in the breeding areas, are liable to ingestion by the 
Imwae. Whether this is 1^ choice or chance is problematical. The 
amount of maceration undergone by an organism in the mouth of a 
If^rva and its degree of digestibiUty undoubtedly infiuence greatly the 
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condition of the organism in the larval gut and consequently the 
chance of its being recognized. In watching, under the microscope, 
larvae in the act of feeding, no selection of food particles was observed, 
the larvae ingesting whatever was presented, provided it was of 
suitable size. The larvae feed upon lilamentous algae in two ways. 
vSo me times they ingest the entire filament and sometimes they run 
a filament between the mandibles, chewing and sucking out the cell 
contents as the filament goes through the mouth, and then discard 
the empty filament. It is of course impossible to identify any 
material subjected to this latter method of treatment. When the 
entire filament is ingested, however, a sufficient number of cells 
remain intact to make identification possible. 


Taki.e 8.- 


-Organisma of Anophelea breeding areas, and those found in larml 
dissedions. Mound, IjO. 
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16 

Lyngyba 

M 

Nustoc 

7 

Oscillaria 

12 
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1 
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1 0 
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11 1 
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1 
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0 

50 
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13 
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It is believed that the difference in the character of food materials 
rather than the exercise of any preference on the part of the larvae 
accounts for the fact that some available organisms are recognized in 
the gut in a larger percentage of cases than others which are appar- 
ently as readily available for food. Hard-shelled organisms such as 
diatoms and certain protozoans are not easily crushed and are nearly 
always found in gut examinations when they are present in the water, 
while soft-bodied ciliates and the rarer flagellates are seldom recog- 
U3661— 32 2 
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nized. Another factor to consider in discussing these results is that it 
is not de^itely known just what organisms are most likely to be 
drawn into the current set up by the mouth parts of the larvae. 
J^me organisms doubtless come within larval range more frequently 
than others because their favored stratum of existence is at or close 
to the surface film in which Anopheles larvae do most of their feeding. 
As the water sample from which plankton examinations were made in- 
cluded the top half inch of water, oiganisms are probably included 
which may usually be outside of the larval feeding range. 

It is noticeable that certain organisms, notably amoeboid Protozoa, 
the green alga, Oedogonium, and spores, frequently appear in the 
gut when not found in the water examination. It is probable that 
these oi^anisms were lacking in the water sample as a result of the 
method of sampling. In order to obtain water free of trash the samples 
were drawn from clear surface areas sometimes distant a few inches 
from the place where the larvae were feeding. Had the water ex- 
amination included a more intensive study of the adherents of the 
protective materials these discrepancies might not have been so 
evident. 

SUMMARY 

Observations were made on various environmental factoi-s prevail- 
ing in Anopheles breeding and nonbreeding areas in order to deter- 
mme if possible the factors which influence the increase or decrease of 
larval abundance. 

Protection for larvae is necessary in the water areas studied on 
account of the presence in abimdance oi Gamhusia affinis, a mosouito- 
destroying fish, and other natural enemies. Protection is provided in 
the breeding areas by floating vegetable d^.bris and by various species 
of plants. The best protection is afforded by small floating d6bris 
ana by filamentous algae. Water areas containing filamentous blue- 
green algae in the absence of filamentous green algae were not foimd 
to be very favorable for larvae. Lemna affords some protection to 
the larvae, but when it occurs in such profusion as to form a complete 
mat over the water suHace it almost completely inhibits the breeding 
of Anopheles. 

Larval abundance, as measured by the number of larvae occurring 
in collections of 10 dips of surface water, was not greatly affected by 
variations in the mean summer air temperatures, which in each 
month were above 70® F. 

Under certain conditions a rapid decrease in surface water was found 
to reduce the number of larvae, as a result of the stranding of pro- 
tective material. 

The plankton content of the breeding and nonbreeding waters was 
computed on the basis of the occmrence of the various groups of 
organisms per cubic centimeter of surface water. It was foimd that 
as a rule larger numbers of plankton organisms occurred in the non- 
breeding waters. This was explained m part by the fact that the 
bleeding waters usually are more shaded and the surface is covered to 
a greater extent by vegetation and debris, and this condition results 
in the development oi tew&c chlorophyll-bearing organisms. The 
cbaiapter of the plankton as regards composition by Masses of organ- 
isms in the various groups of wat&rn m which Anopheles breeds or does 
sot i^reed wae found to vary considerably, but no consistent variations 
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ill coiiiposition between the two groups wore found, nor were any con- 
sistent differences observed between the breeding waters having high 
and those having low larval rates. Data are given for the fli^ellate 
Protozoa, showing that the four commonest genera within this class 
compose approximately the same percentage of the total flagellates 
in each group of waters. 

The range of hydrogen-ion concentration in the breeding and non- 
breeding waters was found to be essentially the same, and all gi*oups 
of waters were principally alkaline in reaction. The mean of the 
readings in an unshaded impounded bayou, however, was higher 
than that in the breeding areas (8.01 as against 7.42). 

Examinations of the gut contents of larvae showed that all organisms 
of suitable size when present in the water are likely to be ingested, 
but that some available forms are present in the gut less often than 
others. This may have resulted from the fact that the preferred 
habitat of these organisms does not coincide with that in which larvae 
usually feed, or it may have been that the amount of maceration 
which the softer-bodied organisms undergo greatly reduced their 
(diaiices of being recognized. 
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LIFE HISTORY OF THE RABBIT STOMACH WORM, 
OBELISCOIDES CUNICULI' 

By JoHKPH K. Amcata 

Junior Zoologist^ Zoological Division, Bureau of Animal Industry, United States 
Department of Agriculture 

INTRODUCTION 

In 1923 Graybill (Sf des(!ribed from domestic rabbits {Oryctolaguff 
mnwvlm) in tne United States a new genus and species of stomach 
worm which he called Obeliscus cunicvli. The following year Gray- 
bill 09) noted that the generic name Obeliscus was preoccupied and 
proposed the name Obeliscoides, type Obeliscoides cunicnli, to replace 
Obeliscus Graybill, 1923. Morphologically Obeliscoides cuniculi is 
related to Qmphidium strigosum (Dujardin, 1845), a stomach worm 
occurring in wild and domestic rabbits in Europe. In common with 
the latter, Obeliscoides cunicvli may be visibly injurious to its host. 
S(!hwartz and Shook {IS) have noted that the European stomach worm 
of rabbits is known to produce disturbances of various sorts that affect 
the health of rabbits and that the American stomach worm of rabbits 
has been found to produce ulceration of the stomach wall. 

Specimens of Obeliscoides curdculi from domestic and wild rabbits 
have been received m the Zoological Division of the Bureau of Animal 
Industry from ten States, namely, Florida, Iowa, Kansas, Ijouisiana, 
Maryland, Nebraska, New York, Ohio, Texas, and West Virginia, and 
from the District of Columbia. It is evident, therefore, that this 
parasite is widely distributed in this coimtry. 

The morphological features of the adults of Obeliscoides cuniculi 
have been aescribed by Graybill (8) and Chandler (^), but no infor- 
mation is given in their reports concerning the preparasitic develop- 
nient of these worms and of the immature stages within the host. 
Since information concerning the life history of a parasite is essential 
as a basis for rational contnd measures, it is important that the basic 
facts in the life history of Obeliscoides cunicvli^ particularly those 
relating to its free-living stages, be ascertained. The investigation 
described in this paper was undertaken principally for the pmpose of 
discovering facts m the preparasitic development of Obeliscoides that 
might lead to practical methods of controlling this parasite in rabbitries. 
This problem was suggested to the writer by Benjamin Schwartz, of 
the Zoological Division of the Bureau of Animal Industry, and was 
canned out under his direction and supervision. 

METHOD OP INVESTIGATION 

Eggs of Obeliscoides cunicnli, obtained from several females, were 
transferred to small glass jars containing a mixture of fresh, sterile 
rabbit feces and animal charcoal. After the eggs had incubated for 
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about 10 days at room temperature (20® to 24® C.), the infective 
larvae were recovered by means of the Baemiann apparatus. Pre- 
infective larvae were recovered from these cultures by transferring a 
small quantity of the culture material to glass dishes containing water 
and ismating the larvae with the aid of a microscope. 

In order to study the course of development of the preinfective 
larvae, Obeliscoides eggs were cultured in water. This method; how- 
ever, was not suitable for the study of larval development, since the 
majority of the developing larvae disintegrated before reaching the 
infective stage. In one instance, however, the entire preparasitic 
devdopment took place in a water culture. 


DESCRIPTION AND DEVELOPMENT OP THE EGGS 

The eg^ of Obeliscoides cunicvli are usually elliptical in shape and 
are provided with two thin membranes. In a series of measurements 
involving about 100 eggs the variation in length was from 
75fi to 91 m, and the variation in width was from 42/1 to 53/i. 
Qraybill (J8) states that the eggs are 70/i to 
86/1 long by 44/1 to 45/i wide, whereas 
Chandler (5) reports a somewhat greater 
range in size, namely, 8O/1 to 92/i in length 
by 66/1 to 64/1 in width. Segmenting eggs 
_ as small as 6O/1 by 3S/i and as large as 152/i 
^%mo?obei- by 45/1 have been found occasionally, but 
f cut? Sam extreme sizes are rare and possibly 

fresh rabbit Buch eggs are abnormalities, 
feces Eggs found in fresh rabbit feces, which 

were examined a few minutes after they were passed, 
were in about the 32-cell stage, as shown in Figure 1 . 

In tap water the eggs hatched in about 30 hours. 



DESCRIPTION AND DEVELOPMENT OF THE 
LARVAE 

PREINFECTIVE LARVAE 


B 


The first-stage larvae, shown in Figure 2, are 
characteristically rhabditiform and resemble the first- 
stage larvae of related strongyles. Thenewly hatched 
larvae are from 320/i to 330/i long; th^ increase in 
size gradually during the first stage. The principal 
measurements of these larvae, made at various times 
after hatching and while they were still in this stage, 
are as follows: Length, 375/i to 448m; maximum width, 

18m; length of e^phagus, 85m to 115m; length of tail, 

65m to 83m* These measurements indicate that the 
first^tage larva grows considerably from the time 
that it has hatchra until it is ready to molt. 

The span of life of the first-stage larvae is com- 
paratively brief; second-stage larvae were observed 
about 65 hours after hatching. The latter, as shown 
in ISgure 3, A, differ but slightly from those of 
the previous stwe. The outstanding difference is the lamer size of 
Ihe second-stage larvae. They range from 471m to 760m in length and 


Fiouhb 2.— a, First- 
stage iarva of Obelh- 
eoidea evnieuli; B. 
anterior end of the 
first-stage larva show- 
ing lips and pharynx 
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from ISjLt to 22/i in maximum width, indicating 
considerable growth during this stage of de- 
velopment. During the second stage, as w^ell 
as during the first, the larvae feed most of the 
time, and as development progresses the wall 
of the intestine becomes darker. Before the 
second lethargus is com- 
pleted the opening of the 
pharynx closes, as shown 
in Figure 3, B. 

INFECTIVE LARVAE 

In 6-day-old cultures the 
larvae present were usually 
in the third stage; that is, 
they were in the ensheathecl 
infective stage. In some 
cases, particularly when 
larvae had been kept in 
water for several days, the 
sheaths were absent be- 
cause of their having been 
cast off. 

Infective larvae appear 
less granular than prein- 
fective larvae. (Fig. 4, A.) 
The former are from 653m 
to 7 10m long and about 22m 
in maximum width. The 
maximum length of the in- 
fective larvae is somewhat 
less than that attained by 
the second-stage larvae. 
This is due to the fact that 
the tail of the infective 
larva is smaller than that 
of the second-stage larva. 
Several striking structural 
changes are apparent in 
this stage. The mouth is 
Figure 3 -A, 8«hc««i - stage closed, and the constiiction 

lBXva,otObeti9eoUUi9eunieuiti 4.1.^ 

fi» anterior end of a late at tne DESe OI tlie Ims JIES 

disappeared. The pharynx 
is no longer present, and 
there is a slight opening at the beginning of the 
esophagus. (Pig. 4, B.) The esophageal bulb 
has become more slender, and the vdve is no 
longer present. The esophagus is from 167m to 
174m longhand is about one-twelfth the body 
length. The excretory pore is clearly visible 
ana is located just below the nerve ring, approxi- 
mately 1 10m to 125 m from the anterior end of the 
body. The nerve ring appears as a light band 
just above the excretory pore, situated about 




Fiokrs 4.— A, Thlrd-stagolarva 
of Obetiaeoidei eunieuii; R, 
anterior end of the third-stage 
larva showing the absence of 
the pharynx 
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95/4 to 102/x from the anterior end of the body, and encircling the 
esophagus obliquely. The genital primordium is located about 349/x 
to 400/i from the anterior extremity. 

Table 1 shows the principal measurements of the first, second, and 
third stage larvae. These data show that the larvae grow considerably 
in the first sta^e and continue to grow in the second stage, at which 
time they attain a maximum lengm of 750/(, which is nearly two and 
one-half times the size of the newly hatched larvae. In the third stage 
the larvae neither grow nor develop beyond the stage which they had 
attained after the second molt. 

Table 1. — Principal meaauremenia (microns) of 10 Oheliscoides euniculi pre- 
parasitic larvae of each stage 

FIRST STAOR 


Mmurements of larva No. 



1 

2 ; 3 

4 

■ 

5 

0 

7 

8 

9 

10 

Length of body 

376 

376 I 382 

383 

396 

402 

418 

440 

440 

448 

Maximum width of body 

18 

18 ! 18 

18 

18 

18 

18 

18 

18 

18 

Length of pharynx 

IS 

15 ! 16 

16 

15 

16 

15 

16 

16 

15 

Length of esophagus 

86 

85 : 96 

95 

101 

110 

no 

102 

116 

116 

Distance of nerve ring from the anterior extremity. 

76 

76 ! 72 

72 

80 

77 

! 84 

87 

82 

82 

Distance of acretory pore from the anterior extrem- 



1 







ity............ 








110 


Distance between genital primordium and the an- 







1 



terior extremity ! 

203 

m 1 206 

206 ! 

223 

! 216 

213 

i 216 

! 218 

228 

L^thoftail j 

65 

1 66 1 71 

68 j 

] 

76 

76 

83 

80 

79 

83 


SECOND STAGE 


Length ot body... 

Maximum width of body • 

Length ot phaiyQx. 

Length of esophagus 

Distance of nerve ring from the anterior extremity. 
Distance (rf excretory pore from the anterior ex- 
tremity - 

Distance between genital primordium and the an- 
terior extremity 

Length of tail 


471 

624 

670 

677 

586 

sro 

615 

609 

722 

18 

18 

22 

22 

22 

22 

22 

22 

22 

16 

16 

16 

16 

15 

16 

15 

11 

11 

118 

120 

120 

120 

120 

120 

120 

134 

137 

86 

86 

91 

91 

91 

91 

68 

96 

06 

98 

98 

102 

102 


114 

114 

114 

118 

243 

! 273 

296 

296 

1 304 

293 

304 

335 

380 

84 

76 

96 

98 

98 

102 

114 

95 

98 


760 

22 

11 

167 

08 


'i02 


THIRD STAGE 


Length of body 

Maximum width of body 

liengfh of esophagus. 

Distance of nerve ring from the anterior extremity.. 
Distance of excretory pore from the anterior ex- 

trem’ty 

Distance between genital primordium and the an- 
terior extremity 

I^ength of tail 


663 

663 

665 

1 686 

; 686 

690 

702 

702 

710 

710 

22 

22 

22 

22! 22 

23 

22 

22 

22 

22 

167 

171 

174 

167 

167 

174 

171 

171 

174 

174 

95 i 

99 

96 

102 

95 

95 

98 

102 

98 

102 

no 

121 

no 

129 

no 

no 

U7 

126 

114 

125 

349 

361 

357 

361 

1 

1 

387 

364 

387 

387 

! 400 

65 

67 

66 

1 67 

1 

1 65 

62 

67 

1 ^ 



EXPERIMENTS WITH INFECTIVE LARVAE 

ATTBUm TO INPirCE SKIN PENETRATION 

A small drop ol water contoming about lOQ larvae was placed on a 
portion of Uie skin of a young rabbit, from which the hair had been 
cl4>ped. The rabbit was kept under restraint until the water evapo- 
ratM. Two hours later a few drops of distilled water were pliMied 
on the area of 4dn that had been exposed to the larvae, ana ^ter 
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the water had remained on the skin for a short time it was trans- 
ferred to a glass slide by means of a pipette. Practically all the 
larvae that were originally placed on the skin were recovered and 
were fomid to have retracted within their sheaths; after several 
minutes some of them became active. The area of the skin exposed 
to the larvae appeared normal. In another experiment, about 2,000 
infective larvae were put on the skin of each of two rabbits, from which 
the hair had been clipped. One rabbit was killed eight days later 
and no larvae were recovered from the lungs and stomach. "Exam- 
ination of the lungs showed no petechial hemorrhages or other lesions 
indicative of infestation with nematode larvae. The second rabbit 
was killed 16 days after it had been exposed to a cutaneous infection; 
no worms were recovered from the lungs and stomach. 

Another experiment was conducted in accordance with the technic 
described by Goodey 4). The skin of a 2-day-old rat was stretched, 
hair upward, on a cork ring, floated in a beaker containing warm 
physiological salt solution, and kept in an incubator at a temperature 
of 37® C. A small drop of water containing about 100 larvae was 
placed on the piece of skin and allowed to evaporate in the incubator. 
Two hours after the larvae had been placed on the skin and about 
90 minutes after the drop containing larvae had evaporated, a drop 
of water w’as placed on the rat skin and then removed to a slide by 
means of a pipette. A microscopic examination revealed many 
larvae; they w’ere still ensheathed. No larvae were found in the salt 
solution. 

The rat skin was then fixed in 70 per cent alcohol, and the superficial 
layers were mechanically separated from the deeper layers. These 
layers were then cleared in an alcohol-phenol mixture. Several 
eiwheathed laiwae were found on the surface of the skin, but no 
larvae wwe found in the subcutaneous layers. This experiment was 
repeated by using the skin of a 3-day-old rat, and similar results wore 
obtained. 

These observations indicate that infection does not take place 
through the skin. Skin penetrators, such as the larvae of various 
species of hookworms, penetrate rat skin under the experimental 
conditions described above. 

REACTION TO COLD 

Nematode larvae vary considerably in their ability to withstand 
low temperatures. Cameron {2) reports that infective larvae of 
Monodonius trigofiocephalus did not revive after being frozen for a 
few minutes. According to Ransom {15), the infective larvae of 
Flaemonchm cordortua are very resistant to cold. He found that after 
larvae in sheep feces had been kept outdoors at temperatures ranging 
from 21.6® to -13.8® C. for 85 days they were still alive. Schwartz 
{16) reports that infective larvae of Buatomnniphlebotomum {^Mom- 
dontvs vhhbotomua) which were frozen solid for about 15 hours, 
when thawed again became active. Schwartz and Price {17) found 
that the infective larvae of Stephanurus dentatus can withstand a 
temperature of —19® C. for six hours but are killed w’^hen exposed to 
this temj^rature *;for nine hours. Monnig {12) found that the 
infective larvae of Trichostrongylm spp. from sheep were still alive 
after an exposure of 14 days to 0® C, Ortlepp (IS) reported that the 
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infective larvae of Triodontophorus ienuicollis were able to withstand 
freezing when kept in an ice (*.hest overnight. De Blieck and Baudet 
(1) pointed out that the infective larvae of the intestinal nematodes 
of the horse, Strongylus vulgaris, S. edenlaius, and Oylicostomum spp., 
withstood a temperature of 0° C. for 15 days in cultures of water and 
feces. These writers also found that these larvae in feces survived 
after a 2-hour exposure to temperatures ranging from — 15® to — 20® C. 
\^en the larvae were placed in water and exposed again to the same 
temperature for six hours they remained alive. Raffensperger ( 14 ) 
exposed horse manure containing strongyle larvae of various species 
to Montana weather conditions for 20 months; some larvae did not 
succumb despite the fact that in the course of the experiment the 
temperature ranged from —18.3® to —38.® C. for a period of 26 days 
in January and February, 1929. 

The effects of various low temperatures on the infective larvae 
of Obeliscoides cuniculi are summarized in Table 2. Each record 
is based on observations involving about 400 infective larvae. The 
larvae were put in glass tubes containing moist animal charcoal, and 
the tubes were placed in a refrigerator and removed from time to time 
for examination. Before the larvae were examined microscopically 
the tubes were kept at room temperature for about two hours. 


Table 2. — Effects of low tempenUures on the infective larvae of Obeliscoides cuniculi, 
each culture involving about 400 larvae 


Culture 

No. 

Period 

ofrefirig* 

oration 

Tempera- 
ture of re- 
frigerator 


Hourt 

"C. 

1 

6 

0 

2 

10 

0 

3 

20 

0 

4 


0 

5 

168 

5 to 0 

6 

168 

Oto-4 

7 

360 

Oto-4 

8 

720 

2 to -4 

9 

24 

-18 

10 

72 

-18 


Results 


Larvae active. 

1 ) 0 . 

1 ) 0 . 

Do. 

Moat larvae active, a few dead. 


About ao larvae active; all the others dead. The intestinal cells of all 
larvae vacuolated. 

About a doaen larvae active; all the others dead . The intestinal cells of all 
the larvae vacuolated. 


In this experiment the Obeliscoides larvae were resistant to a 
temperature of from 2® to —4® C. for 720 hours. The temperature 
during this period r^ged as follows: —4®, 240 hours; -3®, 24 hours; 
—2® to —1®, 24 hours; 0®, 384 hours; 1®, 24 hours; 2®, 24 hours. 
The vitality of most of the larvae kept at a temperature of —18® 
for three consecutive days was destroyed. 

The resistance of the larvae to winter temperatures prevailing in 
the District of Columbia was tested as follows: About 1,000 or more 
infective larvae were placed in a jar containing sterile moist sand, 
and an equal number of larvae were placed in a jar containing sterile 
and slightly moist rabbit feces. These jars were kept outdoors for 
30 days, from 11 a. m., December 15, 1930, to 3 p. m., January 14, 
1931. Tha maximum temperature during this period was 13.9® C., 
and the minimum temperature was -9.4®. The total time during 
which the |jimperato^ was --1.1® or lower was 211 hours, so the 
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larvao were kept at a freezing temperature for about 29 per cent of 
the time during which they were exposed to outdoor conditions. At 
the end of this jieriod the jars were removed to the laboratory and 
kept at room temperature for one day; a large number of active larvae 
were recovered from each jar by means of the Baermann apparatus. 

REACTION TO HEAT 

like the infective larvae of other strongyles, those of Obeliscoides 
cuniculi become very active when gradually wanned. Thus, if the 
end of a heated glass rod is brought m contact with the imderside of a 
glass slide containing larvae, the larvae become active and orient 
themselves toward the source of heat. 

The view expressed by Khalil (10) that only skin penetrators are 
positively thermotropic is untenable, as shown by observations 
recorded by various helminthologists. The larvae of Momdontus 
ti'igonocephdusy M. phlehotomus, and Trichostrongylus spp., as deter- 
mined by Cameron (^), S(*hwartz (16), and Monnig (12), respectively, 
are positively thermotropic, and the available evickmce indicates that 
these larvae do not penetrate the skin of their hosts. The writer’s 
observation concerning the heat reaction of Obeliscoides cuniculi lends 
additional support to the view that there is no necessary relation 
between the positive thermotropism of larvae and their ability to 
penetrate the skin of rabbits or other animals. 

The effect of heat on the larvae of Obeliscoides was not considered 
to be of sufficient practical significance to warrant a study of their 
reaction to high temperatures. 

REACTION TO DRYING 

The infective larvae of strongyles vary greatly in their ability to 
resist desiccation. Looss (11) reported that infective larvae of 
Strongylus spp. and Chjlicostomum spp. can resist desiccation in a 
Petri dish for 14 days, and Raffensperger (14) noted that 10 per cent 
of Strongylus spp. larvae mthstood desiccation in an incubator at 
26° C. for a period of four months. Ransom (15) found that 
Haemonchus contortus larvae which had been dried in feces for 35 
days revived after being moistened. Ortlepp (IS) reported that 
infective larvae of Triodontophorus ienuicoUis revived after they had 
been dried in an incubator overnight at 26° C. In contrast to these 
observations, Looss (11) has pointed out that larvae of Ancylostoma 
duodenale perish as soon as their surroundings become dry, and 
Goodey (5) has found that larvae of Necator americanus fail to revive 
after they have been dried a few minutes. 

The following ex]>eriments were conducted to determine the 
resistance of Obeliscoides larvae to drying: 

A small drop of water containing a number of infective larvae was 
placed on each of several glass slides. At the moment that the 
water appeared to have evaporated the time was noted, and the 
slides remained exposed at room temperature for various periods, as 
shown in^Table 3. At the expiration of the desired lapse of time a 
few drops of water were addea to the dried larvae. and the prepara- 
tions were examined at various intervals for about 24 hours. The 
results of these observations are given in Table 3. 
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Table 3. — Summary of nine experiments on the reeietance of infective Oheliscoides 
cunicuM larvae to air drying at room temperature “ 


Approximate numlier 
of larvae used 

lAiURth 
of OX))0- 
sure to 
drying 

C'ondition of larvae after the addition of water 

15 

MintUis 

5 

15 

30 

60 

120 

180 

240 

300 

360 

All active. 

1)0. 

15 dead; all the others active. 

8 active; all the others dead. 

2 active; all the others dead. 

4 moved spasmodically; all tha others dead. 

1 moved spasmodically; all the others dead. 

AH dead. 

Do. 

50 

50 

50 

,30. 

30 

30 

30-.. 

30 


« Approximately 23® C. 

From Table 3 it is evident that the infective larvae of Obeliseoides 
cunieuli can withstand drying at i*oom temperatures for several hours. 
Although some larvae succumbed after 30 minutes, others remained 
resistant for from 4 to 5 hours; however, the number of larvae that 
survived after 1 or more hours’ exposure was relatively small. The 
survival period of Obeliseoides cunieuli infective larvae Is longer than 
the survival periods of Ancylostoma duodenale^ Necator americanus^ 
Monodontus phlebotomuSf ana M, trigonocephalus. 

REACTION TO LIGHT 

In a glass jar containing a 15-dajr-old culture the larvae were found 
crawling up the walls of the jar facmg the light of a north window, but 
no larvae were present on the opposite side of the jar. This indicates 
that the larvae reacted positively to diffuse daylight. One-half of 
the surface of a Petri dish contaimng mature larvae in water, more 
or less evenly distributed in the dish, w’'as covered with black paper, 
and the other half, facing a northern window, was left uncovered; 24 
hours later most of the larvae had collected in the lighted half of the 
dish. This observation is in harmony with that described above. 
One-half of a Petri dish containing larvae in water was covered with 
black paper, and the half that remained uncovered was illuminated 
with a bright electric light which was placed about 14 cm. from the 
dish. Four hours later most of the larvae w'ere found in the shaded 
portions. This indicates that the larvae are repelled by strong 
artificial light. 

In their reaction to li^ht the infective larvae of Obeliseoides cunieuli 
behave like those of Trichostrongylus spp, (1£) and Haemonchus con- 
tortus (19). Cameron (£) reported that larvae of Monodontus are 
positively thermotropic and are not repelled by direct sunlight, or 
even by an electric light 

REACTION TO ANILINE STAIN 

A drop of water containing about 25 larvae was put on a slide, and 
a cover slip was placed over it. A few drops of a 1 per cenf aqueous 
solution of basic fuofasin were placed near one edge of the cover slip, 
so thaf w&e stain gradually filtered in and came m contact with the 
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larvae. The larvae remained active while in contact with the stain. 
Thejr were kept under observation for an hour after the stain had 
run in under the cover slip, but no evidence of exsheathing was 
observed. The stain readil}r penetrated the sheath, but the tissues 
of the larvae remained unstained. The laiwae continued active until 
the fluid evaporated. In one case larvae were kept in a vial with 
the stain for 18 hours, and at the end of that time all were active and 
sheathed. 

In their failure to exsheath when in contact with a nonpoisonous 
stain, the infective larvae of Obelucoides cunicvU resemble larvae of 
other nonskin-penetrating nematodes, such as Monodontun phle- 
botomvs (16)y M. trigonocephalus (;?), Trichostrongylus spp. (12), 
Hyositrongylm rubidm ((?), and Uncinarm fftenocephala (—Dochmoides 
stejioeephala) (7). The infective larvae of Necator americanvs (d) 
and Ancylostoma duodenale { — Agchylostoma duodenale) (11) differ 
from the above-mentioned forms in that they exsheath when in 
contact with a solution of an aniline stain. 

Cameron (2, p. 212), who worked with aniline stain, states that 
‘*all skin penetrators which have been tested have exsheathed, while 
the nonskin-penetrators have not exsheathed but have been quickly 
killed.” Although there is still a possibility that all skin penetrators 
exsheath under the influence of the stain, it is evident that not all 
nonskin penetrators are quickly killed, as has been pointed out by 
Schwartz (16) and confirmed by the writer in experiments with larvae 
of Obeliscoideft cunieuli. 

With reference to the exshcnthing process of the infective larvae 
of Ancylostoma duodenale in the presence of methyl green, Looss (11) 
states that *Hhe experiment only succeeded beneath the cover glass, 
and even under these circumstances not unless a comparatively thin 
layer of fluid was allowed to remain between the cover glass and 
slide.” Goodey (5) repeated this experiment with Necator larvae 
and obtained similar results. The writer was not able to confirm 
these observations in experiments with the infective larvae of Aney- 
loatoma caninum . When a 1 per cent basic fuchsin solution w^as allowed 
to nin in under a cover-slip preparation containing live larvae, the 
larvae were found to exsheath while a considerable quantity of fluid 
was still present between the slide and cover slip ; when the larvae were 
immersed in a small vial containing a column of stain about 1.5 mm. 
high they exsheathed readily, despite the absence of pressure such as 
is afforded in a cover-slip preparation. The process of exsheathing in 
the latter case w-as observed under a binocular microscope. 

EXPERIMENTAL INFECTION OF RABBITS WITH OBELISCOIDES 

CUNICULI 

In order to determine the length of time required for Obeliscoides 
eunietdi to develop to fertile maturity in its rabbit host, a number of 
feeding experiments were carried out. In these experiments enshea thed 
infective larvae were fed to noninfected domestic rabbits by mouth, 
essentially to determine the location of the worms and the character 
of the leinons. The results, which likewise include some worm counts 
and other supplemental data, are ^ven in Table 4. 



Tabls 4,—^Re8uUB of feeding infective Ohdiecoides cunieuli larvae to domeetic rahhite 
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Table 4 shows that after experimental feeding 
of Obeliscoidcs larvae the minimum time re- 
quired for the worms to reach egg-laying ma- 
turity was 16 days (rabbits 6 and 7) and the 
maximum time was 20 days (rabbits ! and 9). 

However, the appearance of eggs in the feezes 
does not indicate that all the females present 
had reached the egg-laying stage. Rabbits 4, 

8, and 9, which were killed and examined post- 
mortem 18, 31, and 21 da3rs, respectively, 
after they had been fed infective larvae, con- 
tained a niunber of immature Obeliscoides, 
although the feces of these rabbits had con- 
tained eggs before necropsy. Of the larvae 
fed, the percentage that reached maturity, as 
shown by the number of worms recovered at 
necropsy, ranged from 31 per cent in rabbit 11 
to 55 per cent in rabbit 10. 1 1$| 

Rabbit 3, which had been infested wiili 
Obeliscoidcs for a period of more than five 
months, had at time of its death about 400 eggs 
per gram of feces. On post-mortem exami- 
nation 214 males and 118 females were found 
in the stomach; of these females, 7 were gravid 
and the others had degenerated ovaries and 
uteri (6g. 5), indicating that they had passed 
the stage of egg production and had become 
senile and sterile. The 7 gravid females 
yielded on an average 57 eggs per gram of 
feces for each egg-producing female. In con- 
trast to this findmg, rabbits 5 and 6, which 
harbored at necropsy only 39 and 92 adult 
females, respectively, a few days earlier had 
yielded 7,320 and 8,000 eggs ])or gram of feces, 
respectively. These observations show that the 
egg count is not necessarily a gemd index, in 
all cases, to the number of worms that an 
animal may harbor. The egg count gives no 
clue, for instance, to the presence of worms 
which are fully grown, but still agamic, nor to 
the presence of senile worms; neither does it 
account accurately for wonn infestations in 
which there is a preponderance of males and 
for worm infestations in which, for one reason 
or another, there is a low egg production. By 
the use of the Stoll dilution technic it was 
found that rabbit 5 had 187 eggs per gram of 
feces for each of 39 female Obebscoiaes har- A| |/[Jj l Bj 
bored, 39 days after experimental infection and 
3 days before the animal was killed. Rabbit 6, 
on the other hand, only 87 eggs per gr^i 
of feces for each of 92 egg-prc\^ucmg females 
harbored, 50 days after experimental infection and 2 days before the 
animal was kiUed. This marked difference in egg production was 
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probably due to the difference in the age of the worms; the worms 
m rabbit 6 were probably past their prime in egg production. 

The post-mortem examination of experinientmly infected rabbits 
usually showed congestion of the gastric mucosa with numerous 
petecHial hemorrhages. Erosion of the gastric glands and of the blood 
vessels was commonly observed in experimentally infected rabbits; 
large masses of coagulated blood also were found in the stomach 



FrairuE ^.--Stoinach of rabbit inlwted with ObeUseoidei cunietUi. This rabbit was experimao- 
. tally infected September 26, 1229, and examined post-mortem October 26, 1929 


contents of such rabbits. The worms were usually free on the mucous 
membrane or deep in the stomach wall. Histological examination of 
infected areas of the stomach wall revealed worms under the mucous 
membrane; some worms were noted in the submucosa. In micro- 
scopic section, the gastric glands were found to be eroded. (Figs. 6, 
7, and 8.) 
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Fiovbe 7.— Cross section of the stomach wall of a rabbit showing section of Obelitcrndn cunkuli 
(indicated by arrows) on the mucosa. Note erosion of the gastric glands. This rabbit was 
cxi)orimentaliy infect^ September 14, 1929, and oxanilned post-mortem November 8, 1929 

118661->~32 3 
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EXPERIMENTAL INFECTION OF GUINEA FIGS WITH OBELISCOIDES 

CUNICULI 

In order to determine the adaptability of Obeliscoides to a host 
other than the rabbit, a similar series of experiments was conducted 
which involved experimental infection of guinea pira with infective 
larvae of this parasite. The results are given in Table 5. 

Table 5 shows that Obeliscoides larvae can be successfully trans* 
mitted to guinea pigs. far as can be determmed from a survey 
of the literature, Obeliscoides has not been transmitted to guinea pi^ 
heretofore. Of the larvae fed to guinea pigs, only a few succeeded m 



FiouftB 8.— Cross section of stomach wall of rabbit showing sections of ObeUicoidet cunieuli (indl* 
oated by airows) in the deeper part of the submucosa 


reaching sexual maturity. In guinea pi^ 3 and 4B, which were 
killed 2 and 7 days, respecfiively, after infection, more than one- 
fourth of the Imrae that had been fed were recovered at necropsy; 
the worms thus recovered were still immature. From the findings on 
guinea jiigs it may be assumed that the worms are ^minated from 
these animals to a large extent before reaching maturity. Guinea pig 
7, which was fed about* 200 larvae, contained 39 mature worms at 
necropsy, indicating that this particular animal was ratbo* highly 
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susceptible to infestation with this nematode. The percentage of 
larvae that reached sexual maturity in guinea pigs was considerably 
lower than in most of the rabbits which were experimentally infectea. 

Lesions were observed in the stomachs of guinea pigs 3 and 7, in 
one of which a relatively large number of worms bec.ame mature. In 
guinea pigs 4B and 5, in which a relatively large number of immature 
worms were present, no stomach lesions were noted. In contrast to 
these observations, rabbit 12, in which the worms were also immature, 
had well-marked stomach lesions. Whether the rabbit is more 
susceptible to the injurious effects of Obeliscoides than the guinea pig 
remams to be determined. 

Table 5. — ReHulis of feeding infective Oheliecoidea cuniculi larvae to guinea pig% 






Days 



Guinea 

Dato of feed- 

Larvae 

Date of nec- 

after 

Number and descrip- 

]..esion8 noted in 

pig No. 

ing larvae 

fed 

ropsy 

Infec- 

tion 

tion of worms recovered 

stomach 



Number 


Number 



1 

Dec. 10,1929 
..-..do - 

(-) 

(-) 

200 

Jan. 11,1930 
Fob. 19,1930 
Jan. 22.1930 

26 

1 gravid female 

None. 

2 

a*» 

1 male....... 

Do. 

a 

.Ian. 20.1930 

2 

58 third-stage larvae, .. 

Cougestion of mdcosa, 
with numerous pe- 
techial hemorrhages. 

4A. .... 

-do . 

m) 

' 

Jan. 25, 1930 

5 

; Number undeter- 
mined; immature. 

None. 

4H 

do 

2U0 

Jan. 27. 1930 

1 7 

: 75 fourth-stage larvae.. 

1 1)0. 

5 

do. 

200 1 

K(d». 1, 1930 1 12 

1 

7 males and 16 imma- 
ture females. 

I 1)0. 

0 

do 

200 { 

Feb. 13,1930 
do....—. 

24 

, Nnnn 

1)n 

7 

Jan. 27,1030 

200 

17 

17 males and 22 gravid ! Congestion of mucosa, 
females. ; with scattered pe- 

' techial hemorrhages. 

8 

Nov. 25, 1930 

(“) 

Dec. 22,1930 

27 

None 

None. 

9 

Oct. 17, 1930 
do 

1 (•) 

1 («) 

Nov. 7,1930 
Dec. 22,1030 

21 

1 male _ 

Do. 

10. 

66 

None ..... 

Do. 





<* Several bunilred. 


On several occasions the feces of infected guinea pigs containing 
Obeliscoides eg^ were cultured by mixing the feces with animm 
charcoal and adding several drops of water to the mixture. The devel- 
opment of the eggs and larvae in such cases was normal. 

STAGES OF LARVAL DEVELOPMENT IN THE GUINEA PIG 

In connection with the study of the susceptibility of guinea pigs to 
Obeliscoides, parasites in various stages of development were recovered 
from these animals after experimental infection. 

Qiiinea pig 3, which was killed two days after experimental infec- 
tion, yielded third-stage larvae; these worms showed the commence- 
ment of the third molt, as indicated in Figure 9. The principal 
measurements of six of these larvae were as follows: Total length, 
SSOft to 1,013m; maximum width, 26m to 30m; length of esophagus, 
186m to 213m; distance of nerve mg from the anterior end, 114m to 
12iM; distance of excretory pore from the anterior end, 133m to 150m; 
lengui of tail, 57m to 76m. The most significant morpholomcal feature 
of these larvae, as shown in Figure 9, was the position of the genital 
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primordiiim, which had migrated posteriorly and was located approxi^ 
mately 170^11 from the anus, in the i)articular specimen whicn was 
drawn. The position of the genital primordium in the various larvae 
recovered from this guinea pig varied, being 
from 8()/Lt to 363/* from the anus. 

Guinea pi^ 4A, which was killed 5 days 
after experimental infection, yielded 
fourth-stage larvae in which sex differ- 
entiation had become definitely estab- 
lished. The female reproductive apparatus 
showed considerable development. The 
vulva, ovejectors, uteri, and ovaries were 
definitely recognizable, as shown in Figure 
10. At this stage of development the males 
majr be distinguished by the inflated pos- 
terior end, which eventually forms the bursa. 

The principal measurements of one female 
were as follows: Length. 2.26 mm; maximum 
width, 68/*; length of esophagus, 357/*; dis- 
tance of nerve ring froin the anterior ex- 
tremity, 121/*; distance of vulva from the 
tip of the tail, 440/*; combined lengths of 
female reproductive apparatus, about 350/*; 
length of tail, 87/*. 

Guinea pig 4B was killed seven days after 
experimental infection. This animal 
yielded fourth-stage females and males. 

The males were approaching the final molt, 
as evidenced by the sheath which is well 
separated from*^the body. (Fi^. 11.) The 
bursa and its rays were still incompletely 
developed. The spicules were incompletely 
developed and only partly chitinized. The 
ejaculatory duct and the testis, the two 
being continuous, were fairly well developed. 

At this stage the ejaculatory duct is a 
slender tube opening into the cloaca and 
TWrSitaee extending anteriorly for a short distance 
larva, of Until it joins the testis. The latter is ven- 
wfS^reoovI tral to the intestinal tract. The females 
stomaSTofa advanced in development than 

Kuinea pig the males; they did not possess a sheath, 
aftw ^ which indicates that they were not 
^ approaching the final molt. The 
female genital apparatus at this stage is 
clearly differentiated into a pair of ovejectors sphinc- 
ters, uteri, and ovaries. (Fig. 11.) The principal 
measurements of these worms were as follows : Males — gtperimentai in- 
length, 4,3 to 4.8 mm; maximum width, 114/t to 
130m; iMfth of esophagus, 483m to 530m; distance of nerve ring from 
the antenor end, 182m to 220m; distance of exci^ry pore from the 
anterior extremity," 273m to 326m; length of spicule, approximately 


FiouRB 10,“-Fourth- 
stage larva of 0th 
eliKoiiet cunkuli 
Ncovered from the 
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320m. Females — total length, 4.8 to 5 mm; maximum width, 98 m 
to 120m; li^ngth of esophagus, 483m to 530m; distance of nerve ring 
from the anterior end, 197m to 250m; distance of excretory pore from 
the anterior extremity, 319m to 349m; distance of vulva 
from the anus, 748m to 936m; combined lengths of ove- 
jectors 190m to 230m; length of tail 114m to 121m. 

Guinea pig 5, killed 12 days after experimental in- 
fection, yielded fifth-stage worms or adults. (Fig. 12.) 
The males were unsheathed, a fact which indicates that 
the fourth molt had been completed 
and that the w’^orms were in their 
final stage; the bursa and its rays 
resembled those of the adult forms, 
and the spicules were chitinized. The 
females, liowcver, still retained the 
fourth or final sheath. The genital 
organs had developeil considerably 
beyond the previous stage, the sphinc- 
ters of the ovejectors and uteri were 
w'cll develoi)ed and the ovaries were 
longer than in the previous stage and 
somewhat cjoiled. The ovaries were 
beginning to show developing ova; 
the posterior lobe of the ovary was 
looped, as showu in Figure 12. 

The principal measurements of 
three males and three females were ais 
V..W follows: Males — length, 5.2 to 0 mm; 
niaxiinum width, 125 m to 15{)M:length 
c, jKistcrior cud of of esophagus, 490m to 639m ; distance 
of nerve ring from the anterior end, 

234m to 270m; distance of excretory pore from the 
anterior end, 390m to 421 m; widtK of spread-out 
bursa, 1 40m to 1 71 m ; length of spicules, 440m to 452m, 
corresponding with those of the adult forms. 

Females — length, 5.5 to 0.2 mm; maximum width, 

202m to 218m; length of esophagus, 624m to 655m; 
distance of nerve ring from the anterior end, 265m 
to 280m ; distance of excretory pore from the anterior 
end, 390m to 436m; distance of vulva from anus, 

1,014m to 1,138m; combined lengths of ovejectors, 

234m to 265m; length of tail, 109m to 147m. 

Guinea pig 7, which was killed 17 days after 
experimental infection, yielded adult worms of 
both sexes. Most of the females had segmenting 
eggs in the uterus, whereas the uteri of othei*s con- 
tained no eggs. 

The period required for Obeliscoides to reach 
egg-laying matunty in guinea pigs is about the 
same as that in rabbits. Development of Obeliscoides in both of 
these hosts, therefore, proceeds at about the same rate. 


FigukkU.— Fourth- 
stage tar Vttc of Oth 
flineoideH cuniculi 
recovered from the 
stomach of a 
guinea pig .seven 
days after experi- 
mental infection: 
A, Fostcrlor end 



FfouRK 12.--Flfth-st_ago 
adults of Obeliscoides 
cuniculi recovered 
from the stomach of a 
guinea pig J2 days 
after experimental in- 
fection, A. Posterior 
end of female; B, ante- 
rior end of female; C, 
I)OSterior end of male; 
D, lateral view of tips 
of the right spicule 
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SUMMARY 

In common with those of other strongyles, the free-living larvae of 
Obeliscoides cuniculi undergo two molts in fairly rapid succession. 
In charcoal cultures and at room temperatures tne infective stage is 
reached in about six days. 

The infective larvae failed to produce skin lesions and subsequent 
infestations when placed on the intact skin of live rabbits. These 
larvae were incapable of burrowing into the skin of young rats under 
experimental conditions. 

Infective larvae were found to withstand a temperature of 2° to 
—4® C. for 30 days, but the vitality of most of them was destroyed 
after being kept at a temperature of — 18® C. for 3 days. 

The infective larvae diet not appear to be veiy resistant to desicca- 
tion, as all of them were found dead after a 5-hour exposure to air 
dr^g at room temperature. 

The infective larvae responded positively to diffuse daylight but 
were repelled by strong artificial light. 

In the presence of a 1 per cent solution of basic fuchsin, the infective 
larvae dia not exsheath and remained active in the stain for a period 
of 18 hours. 

Most of the infective larvae reached sexual maturity in the stomach 
of rabbits in 16 to 20 days. 

Post-mortem examination of experimentally infected rabbits, 
within about a month after the larvae were fed by mouth, usually 
revealed areas of inflammation in the gastric mucosa and the presence 
of petechial hemorrhages and blood clots on the stomach wall. The 
worms were found free on the mucosa or embedded in the stomach 
wall. 

The larvae undergo two molts in the stomach of the rabbit before 
attaining sexual maturity, the worms become sexually differentiated 
after the third molt, but the bursa is not fully developed until the 
fourth or final sheath has been cast off. 

In several instances infective larvae were found to reach sexual 
maturity in the stomach of guinea pigs ; in such cases the eggs developed 
normally and the larvae reached the infective stage after undeigoing 
the usual two molts. The time required for Obeliscoides larvae to 
reach the egg-laying stage in the guinea pigs was about the same as 
in the rabbits. 
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SEASONAL SUBSOIL TEMPERATURE VARIATIONS^ 


J^y Alpued Smith 

Aasociaie Soil TecJiiwloginlf California Agricultural Exycriment Station 

INTRODUCTION 

Actual diunial fluctuations of temperatures follow the geometric 
progression law, and as found bjr Bouyoiicos {2, y>. JSI)^ '‘the 
diurnal-nocturnal amplitude of oscillation of temperature decreased 
in geometric progiession as the depth increased in arithmetic pro- 
gression, in all the different types of soil.” Keen {10, p, 308), in 
discussing the theory of heat flow in a conducting material, empha- 
sized the importance of the heat conductivity of the soil, which he 
defined “as numerically equal to the quantity of heat flowing per 
unit of time through unit area of a unit cube of material when unit 
temperature difference is maintained between two opposite faces.” 
He also considered the specific heat, the apparent density, and the 
diffusivity of the soil, and assuming the application to the soil surface 
of a simple hannonic variation, showed how the amplitude of such a 
temperature w ave diminished exponentially as the depth of observa- 
tion increased. 

Smith (17, 18) has reported that a distinct rise and fall in soil 
temperatures in a 24-hour period occurs to a depth of 12 inches, and 
the night temperatures for the 6-inch and 12-inch depths average 
higher than the day temperatures. The diurnal range in soil tem- 
peratures is influenced largely by the chara<*ter of the sky, rainfall or 
soil moisture, and the direction and intensity of the wind (17). The 
highest soil temperatures in the surface soil as reported by Schiudit (IS) 
In Germany, are alxuit 113® F., in the Russian steppes 140®, and in 
western Arizona 160®. Smith (10) re]X)rted that the highest tem- 
perature at Davis, Calif., in an area kept free from vegetation, and 
obtained at a depth of one-half inch, was 143®. 

The soil temperatures that have usually been reported have been 
those occumng on the soil surface or at depths less than 3 feet. 
McClatchie (12) conducted soil-teraperatm’e investigations in the 
Salt River Valley of Arizona by the use of tliree self-registering ther- 
mometers situated underground at depths of 5, 10, and 15 feet. His 
results during the two years of investigation show that the annual 
range of temperature decreases wdth depth, for at 5 feet it varied 
from 20® to 25® F.; at 10 feet, from 15® to 20®; and at 15 feet, from 
10° to 15®. He estimated that in the area under investigation, at a 
depth of about 50 feet, the soil temperature would remam constant 
throughout the year. Kambaut (14) determined the monthly tem- 
peratures in a gravelly soil under grass at Oxford, England, and found 
that the annual soil temperature range at a depth of 10 feet w’^as 9.5®. 

Caflendar and McLeod (4) at Montreal reported soil temperatures 
from an area covered with a layer of turf, where the soil consisted of 
loose, light-brown sand to a depth of S}i feet, bolowr w'hich to a depth 
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of about SO feet there was a bed of stiff blue clay. Water was always 
found in the sand for a certain distance above the clay. The annual 
ranges in soil temperature were 34.3° F. at a depth of 20 inches, 26.0° 
at 40 inches, 19.5° at 66 inches, and 11.0° at 108 inches. The area 
in which these observations were taken was covered with snow from 
approximately January 1 to April 1. 

Fitton and Brooks {8) have summarized the data which have been 
reported on soil temperatures in the United States up to 1931 in 
various soils under different conditions of cover and moisture at 
different elevations and exposures, and have made available in their 
discussion a very complete biblio^aphy of literature on this subject. 

ROOT GROWTH AND SOIL TEMPERATURE 

As the roots of certain plants, under favorable soil conditions, extend 
to deptihs greater than 3 feet, and during the summer months such 
roots in the deeper areas are in a soil climate cooler and in the winter 
warmer than tneir aboveground parts, it was deemed advisable to 
obtain soil temperatures to a depth of 12 feet. 

The seasonal subsoil temperature changes even at depths of 12 
feet are important, as a rise of temperature is brought about by the 
physical process of absorption, conduction, diffusion, and convection 
(7). A lowering of the temperature is brought about by a reciprocal 
process involving diffusion, conduction, vaporization, and radiation. 
The characteristics of the solid, liquid, and gaseous phases of the soil 
mass affect the rate of this movement. 

The most favorable soil temperature for most crops, if other condi- 
tions are favorable, is usually considered as being between 65° and 
70° F. {19,) Roots in the deeper soils grow vigorously at much 
lower temperatures, varyii^ of course with the species {20), Cannon 
(5) found that the most rapid rate of root growth in seedlings of Pro- 
sojpis velutina occurred at a soil temperature of about 93.2°, at which 
point roots with an initial length of 16 mm grew 51 mm in 12 hours. 
He found that not only was the rate of growth of shoots correlated 
with the temperature of the soil, but also with the length of the roots. 

Under a diminished osygen supply the effect of soil temperature 
seems to be greatly modified {6), As the oxygen supplv in the soil 
is diminished, the rate of growth diminishes in a soil with a nigh temper- 
ature. In other words, crops in order to attain a fair rate of growth 
in time of high soil temperatures, must be in a well-aerated soil ; other- 
wise, the rate of growth is considerably reduced. One of the most 
effective agents in soil ventilation is the changing daily or seasonal 
soil temperatures. The volume of a given mass of air is increased or 
diminished by Ym of its original volume for each degree Fahrenheit 
change in temperature, the pressure remaining constant. Under such 
conditions a fall in temperature of 1° F. throughout a volume of 491 
cubic feet of air would cause the entrance into the soil of 1 cubic foot 
of air. An increase in temperature of an equal amount woidd result 
in the movement outward of the same quantity of air (ii ). The effect 
of temperature upon soil aeration is not due, however, merdy to the 
expansion and contraction of gases, but also to their diffeiential absorp- 
tion (i ) by the soil at different tec^eratures. Alfalfa, red clover, field 
soybeans have been found to give a maximum nodule pro- 
dtmtioh it a soil temperature of about 75.2° {9), 
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LOCAL CONDITIONS AND PROCEDURE 

The area in which the soil temperatures were determined is located 
at Davis, Calif., on a recent alluvial fan which has a slope in the imme- 
diate vicinitv of from 5 to 10 feet per mile. The texture of the soil in 
the various horizons is loam from the surface to a depth of 3 feet, fine 
sand}r loam from 3 to 9 feet, coarse and fine sand from 9 to 11 K feet, 
and silt loam to 12 feet. 

The rains in this district occur mainly between Septemlier and May, 
and as the area has been kept free from vegetation since 1923, and the 
wateT table has remained at about 20 feet, the soil is moist to field 
capacity during most of the winter season. During the dry season 
(May to September), as the area is not irrigated, the moisture content 
of the surface foot of soil is reduced by surface evaporation, but at 
greater depths the changes are slight. The moisture changes which 
usually occur in this area during the year have previously been 
described {17). 

In November, 1928, electrical resistance thermometers were in- 
stalled at depths of 4, 5, and 6 feet, and in September, 1929, at 8, 
10, and 12 feet. The thennometer bulb consists of an insulated 
nickel winding inserted in a strong brass tube, serving as a ease. 
The lead-covered leads are solderea with a water-proof joint to the 
stem of the thermometer and connected to a cable, which extends to 
a small building near the plots, w’here a resistance thermometer 
indicator of the balance type is located. In burying the thermome- 
ters, a hole of small diameter was dug, the soil of "the various horizons 
being carefully laid aside. The thermometers were then inserted 
and the hole filled, the soil layers being put back in proper order and 
lightly tamped in order to attain the same degree of compactness as 
existed originally. The soil temperatures at these depths change 
very slowly and weekly readings were therefore sufficient. 

INTERPRETATION OF TEMPERATURE DATA 

Subsoil temperatures at the same depth vary from year to year. 
During certain parts of the year the subsoil temperatures may remain 
fairly constant for several weeks, and for this reason 4-week averages 
were detennined for various depths ranging from 4 to 12 feet, inclu- 
sive. Th^e averages are shown in Figure 1. In Figure 1, particular 
attention is called to the data obtained in 1930, when during Novem- 
ber the temperatures did not vary appreciably in the 4 to 12 foot 
depths. It amears that May and November are the pivotal months 
of the year. The time of occurrence of the minimum and maximum 
average soil temperatures as related to depth are clearly illustrated. 

Taking the weekly readings, it was found that the temperature 
ranges in 1930 at the various depths, as shown in the lower right-hand 
comer of Figure 1, were 27® F. at 4 feet, 22® at 5, 18® at 6, 14® at 8, 
12® at 10, and 9® at 12 feet. With increasing depth the amplitude of 
temperature changes per foot of depth were of lesser magnitude in the 
deeper subsoil than in the upper subsoil. 

Air temperatures were obtained in a standard United States 
Weather Bureau belter at Davis, Calif., near the area where the 
subsoil temperatures were determined. The lowest air temperature 
in 1929, which was 23® F., was recorded on Februaiy 11. The mean 
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monthly temperature for January of that year was 40.4°, and for 
February 46.9°. The highest air temperature in 1929 was 111°, on 
June 25. The lowest air temperature during the first part of 1930 
was 24°, on January 13, and the highest during the year was 107°, on 
July 14. The time of occurrence of the minimum and maximum soil 
temperatures in 1930, at depths ranging from 1 foot to 12 feet, is prac- 
tically a straightline function of the depth. (Fig. 2.) The minimum 
at the 1-foot depth occurred on the same day as the minimum air 
temperature, while at a depth of 12 feet the minimum did not occur 
until May 5, or 16 weeks later. In like manner, the maximum tem- 
perature at the 1-foot depth in 1930 occurred shortly after the maxi- 
mum air temperature, while at a depth of 12 feet the maximum was 

not reached until No- 

_F ^ j*, vember3,orl5 weeks 

^ ^ 

f/\ currence of the mini- 

I j*,si mum and maximum 
$ h //y I temperatures as 

U-' r fZl compared to themin- 

jl/ Y\V\ ^ imum and maximum 
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I lag, is not the 

t Y,\ jirr same each year. Dur- 
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'^^prc/ V h maybe 80 haul’s (/7), 
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Fuivre 1.-— Subsoil temperatures by 4-week averages at depths and is also aff CCtcd by 

p«&!rT im the character of the 

air temperature pre- 
ceding and following the time of occurrence of the minimum and 
maximuin temperature. In other words, during the week preceding 
or following the occurrence of the maximum air temperature, the air 
temperatures may have been as much as 10 degrees lower or perhaps 
within 2 degrees of the maximum. 

The changing soil temperatures throughout the year can also be 
illustrated by determining the mean monthly temperatures (fig. 3), 
and in this way the ebb and flow of heat can be better understood. 
^ previously stated, the soil temperatures at depths of 4 to 12 feet, 
inclusive, were obtained by w^kly readings. 

Dming most of 1930 continuous temperature records were also 
obtained for various depths less than 4 feet by means of electrical 
resistance thermometers and an automatic temperature recorder. 

From data obtained during previous years and by the use of mean 
monthly air temperatures, the average monthly soil temperatures were 
determined for mose months in 1930 when the automatic temperature 
recordiN* was not operated. The date, therefore, for depths W than 
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4 feet for some months — May, October, November, and December — 
were in part interpolated. In January the upper subsoil has the 
lowest temperature and the soil is progressively warmer in the lower 
depths. In the month following, the upper subsoil becomes warmer 
while the deeper subsoil becomes cooler. The lowest average monthly 
temperatures for the lower subsoil (12 feet) is in April, while at a depth 
of I foot the average April temperature is (>0® F. as compared to 47° 
in January. It will be noticed further that the average April tem- 
peratures are nearly the same (60°) for all depths from 6 inches to 
1 2 feet. 



temi>erature plots. 
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Table 1. — Monthly mean air temperaiures and rainfaU, with departures from the 
normcdt at DavtSp Calif,, 19S0 



Monthly 

Depar- 

Monthly 

Depar- 

Month 

mean air 

turn 

ture 

tempera- 

ture 

from 

normal 

rainfall 

. i 

from nor- 
mal 

! 

® F. 

op 

Inches j 

Inches 

January 1 

1 43.6 

-1.0 

3.80 1 

! -a 07 

February 

1 52.0 

+3.4 

1.66 

-1. 15 

March 

1 54.0 

+1.1 

0 

3.48 ! 

+1.07 

-.17 

April 1 

1 57.2 

.92 1 


59. 0 

-4.1 

.18 ! 

i -.45 


70.6 

+.6 

0 ! 

i -.14 


1 72.7 

-1.9 

1 0 i 

! -.01 

August ; 

73.0 

-.2 

1 ^ ^ 

-.01 

September i 

i 65.6 

-3.6 

.23 ; 

-.10 

October ] 

69.3 

-2.1 

.69 ; 

-.03 

November ! 

' 53.6 

+1.8 

.92 1 

-.69 

December j 

44.6 

0 

.30 ; 

-3.20 

Annual mean... 1 

58.8 

-.5 

12. 08 ' 

-4. 9.‘» 


The monthly mean air temperatures in 1930 for February, March, 
June, arid November were higher than the normal, and during the 

remaining months of 
the year they were 
either equal tt>, or fell 
below, normal. In 
February, 1930, the 
mean monthly air 
temperature was 3.4® 
F. higher and in May 
it was 4 . 1 ® lower than 
the nonnal. It was 
during these two 
months that the 
^eatest departures 
in the air tempera- 
tures from the normal 
occurred. 

The rainfall was 
above normal in one 
month only (March), 
when the departure 

Fiouke 3.— Monthly averages of soil temperatures in fiegrces Fah- amounted tO 1 .07 

renheit at depths varying from l to 12 feel, Uavis, Calif., inches The ffFCat- 

durlng 1930 ***^**v/»j. ^ 

eat departure in 

rainfall from the normal occurred in December of 1930, when the 
precipitation was 3.20 inches below normal. 

The annual average soil temperatures for depths varying from 6 
inches to 12 feet for the year 1930 were found to range from 65 to 
67® F. At 6 inches, 1 foot, and 12 feet the average was 65®, at 3 feet and 
10 feet it was 67®., and for the other depths it was 66®. The average 
annual mean air temperature, based on records obtained from mini- 
mum and maximum tbiermometers, is 59.3®, and during 1930 it was 
58.8®. The annual average soil temperatures for 1930, at all depths 
from 6 inchea to 12 feet, were therefore higher thmi the mean air 
temperature for 1930 determined from minimum and maximiun 
thermoiheters. 
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SUMMARY 

Soil temperatures were determined by means of electrical resistance 
thermometers at Davis, Calif., in an unirrigated area that was kept 
free from vegetation during the experiment and for 6 years before 
the experiment. The water table stood at a depth of 20 feet. During 
the wet season, September to May, the soil was generally moist to 
field capacity. During the dry season the greatest loss of moisture 
occurred from the surface foot of soil. 

During 1930, May and November appeared to be pivotal months 
with relatively uniform soil temperatures at all depths from 4 to 12 
feet. The annual temperature ranges for the various depths were 
27® F. at 4 feet, 22® at 5 feet, 18® at 6 feet, 14® at 8 feet, 12® at 10 feet, 
and 9® at 12 feet. In the lower subsoil the temperature ranges per 
foot increase in depth were not of such great magnitude as in the 
upper subsoil. 

The time of occurrence of the minimum and maximum soil temper- 
atures at depths ranging from 1 foot to 12 feet is practically a straight- 
line function of the depth. At the 1-foot depth they occurred on the 
same day as the minimum and maximum air temperatures, while at a 
depth of 12 feet the minimum soil temperature did not occur uhtil 
Ifi weeks later, and the maximum not until 15 weeks later. 

The average monthly soil temperatures for depths ranging from (> 
inches to 1 2 feet show that during the early part of the year the upper 
subsoil has the lowest temperature and the subsoil is progressively 
warmer with the depth. Although the upper subsoil becomes pro- 
pessively warmer in February, March, and April the lower subsoil 
becomes progressively colder, attaining in April its lowest average 
monthly temperature for the year. In April tne average temperature 
(60® F.) is nearly the same for all depths from 1 foot to 12. The 
upper subsoil continues to become w anner until July, and then becomes 
cooler in August, while the deeper subsoil is warnier in August than 
in July. At a depth of 12 feet, the highest average temperatures 
occur in October and November. A 6-monthly symmetry is shown 
by the temperature weaves. 

The annual average soil temperatures for depths ranging from 6 
inches to 12 feet were found to vary from 65® to 67® F., while the 
annual mean air temperature, based on records obtained from 
minimum and maximum thermomctei*s, was 58.8® 
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A METHOD FOR THE DETERMINATION OF COMPARATIVE 
HARDINESS IN SEEDLING ALFALFAS BY CONTROLLED 
HARDENING AND ARTIFICIAL FREEZING ‘ 

By Gkokqe L. Peltier, Plant PathMogisty Nebraska Agricultural Experiment 
Stationy and II. M. Tysdal, AsHOciale Agronomist y Division of Forage Crops and 
Diseasesy United States Department of Agriculture 

INTRODUCTION 

In a recent publication the writers (5) ^ pointed out that 2-year-old, 
field-grown alfalfa plants were not found to be satisfactory for use in 
comparative controlled-hardincss te>sts. The variability of both the 
environmental factom and the plants within any one sort was so great 
that comparisons between different alfalfas varying in hardiness 
within small limits could not be made. Striking differences, however, 
were obtained betw^een hardy, midhardy, and nonhardy alfalfas. In 
order to decrease this variability materially and shorten the tijue 
elejiient, seedling alfalfa plants, grown entirely under controlled con- 
ditions in the greenhouse, were studied to determine whether or not 
they can be employed in comparative hardiness tests. 

The primary object of this investigation w^as to develop adequate 
methods under controlled conditions that would give (1) consistent 
hardiness values comparable to field results; (2) a suitable procedure 
for the selection of hardy plant types; and (3) standard conditions that 
would serve as a basis for fundamental studies concerning the nature of 
hardiness in alfalfa and other crop plants. 

EQUIPMENT 

The studies heroin reported were carried out with the controlled 
hardening and freezing equipment recently describt^d by Peltier {3). 
The hardening chamber was maintained at a uniform temperature 
slightly above 0° The. tern pern turos in the freezer room w^ere 
varied, depending on the temperature and length of e.xposure desired. 
The temperature in the freezer and the temperature of the materials 
under test were determined wdth copper-constantan theniiocouples 
by means of a potentiometer and galvanometer. In la ter experiments 
a 16-point Leeds and Northrup resistance thermometer recorder was 
substituted for the thermocouples. 

METHODS OF PLANTING AND GROWING THE SEEDLINGS 

GENERAL METHODS AND PROCEDURE 

It Wfis found in preliminary trials that hard seeds sometimes caused 
confusion in the survival counts, especially when young seedlings were 
tested, because these seeds genninated after the artificial freezing. 
To avoid this complication small quantities of all alfalfa seeds, as 
needed, were treated for 10 minutes with concentrated sulphuric acid 
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and immediately thereafter thoroughly washed with tap water and 
spread to dry. 

Enough soil was prepared at the beginning of each year for the 
entire season. This consisted of finely shredded sod soil to which 
TOme sand was added. This mixture was uniform in texture and high 
in fertility » so that it was possible to adjust soil moisture readily and 
grow healthy and vigorous plants. 

Several methods of seeding were followed, depending on the type 
of container and the nature of the experiment. As a rule, all sowings 
were heavier thm necessary, and the plants were later thinned. In 
the small containers the seed was sown broadcast. If there were 
fewer than eight plants in a container it was discarded. The small 
containers usually had from 10 to 20 plants, the average being about 
15. Apparently the difference in the number of plants per container 
within these limits was not important, as no decrease m variability 
occurred when the plants in the pots were thinned to a uniform number. 

Two methods were used in sowing the seeds in the large containers: 
(1) Sowing broadcast a different alfalfa in each of the four quarters of 
the flats, and (2) sowing the seed in rows lengthwise of the flats and 
thinning ordinarily to 20 to 30 plants per row. Precautions were 
taken not to sow the seeds too near the outer edges of the flats. 

The writers have been unable to find any publications dealing wdth 
comparative hardiness tests of young alfalfa seedlings under con- 
trolled conditions. For the most part previous investigators (5) 
have employed plants grown either in the greenhouse or field at least 
six months or longer, and in no instance were the plants subjected to 
controlled hardemng. In this study all seedlings were grown under 
optimum conditions in the gi*eenhouse iii several types of containers 
usually for about one month, but occasionally for two. The plants 
w^ere then placed in a hardening chamber for periods of 2 to 39 days 
and subsequently exposed to low controlled temperatures, so that in 
general the age of the plants at the time of the artificial freezing 
tests did not exceed 8 weeks. 

In all tests the plants were coiuitcd just before they were trans- 
ferred to the hardening chamber and again after they had recovercil 
from freezing. Thus, a percentage of survival based on the total 
number of ^ants was obtained. A system of determining relative 
survival or injury by observation, as employed by Hill and Sdmon 
(/), was not adopts because actual counts were considered more 
accurate. No notes on injury to the tops were taken, for generally 
the tops were completely killed back to the crown, from which the 
new growth usually started. 

A prehminaiy series of tests was carried out to determine when 
survival counts should be made after the plants were artificially 
froz^. The new growth was observed in some instances in less t ha n 
one week after freezing. It was foi^ that at the end of two we^a 
W plants that had survived the artificial freezing recovered and pro- 
duced sufficient new growth to be readily counted. Subs^uent 
cpmts made at pmods up to four weeks after freezing did not mate- 
rially change the final number, although usually a slightly lower 
viyaJ Was nmnd at the end of four weeks because a few plants icBied 
after initiW recsovery. The average of 36 readings showed a 40 per 
cent survival two weeks after freezing and a 38 per cent suiyiW 
four weeks after freezing. The results of these tests show that refialifo 
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(counts of tho plants can be made two weeks after freezing. All 
final counts in the cold-resistance tests were made two weeks after 
the plants were exposed to low controlled temperatures. 


INFLUENCE OF THE TYPE OP CONTAINER ON THE VARIABILITY OF THE PER- 
CENTAGE SURVIVAL OP SEEDLINGS AFTER ARTIFICIAL FREEZING 


The following four types of containers were employed in these 
studies: (1) Cypress flats (15 by 18 by 6 inches); (2) metal water- 
tight flats of the same dimensions; (3) porous clay pots (4 inches in 
diameter); and (4) square metal water-tight cans (4 by 4 by 6 inches). 
The plants were grown in these several types of containers to deter- 
mine the t3q>e most suitable for comparative cold-resistance tests, 
particularly from the standpoint of least variability in percentage 
survival of the seedlings after artflcial freezing. The plants used in 
these experiments were uniformly 1 month old and had been hardened 
for 1 5 days before freezing. 

The standard deviation of a single detennination, the coeflScient of 
variability, and Weinberg’s coefficient of variability of the percentage 
of sundval of the seedlings after freezing are given in Table 1 for the 
different types of containers. The standard deviation of a single 
determination of all the tests which were extremely lovr or extremely 
high in percentage survival of the seedlings is less than that of the 
tests with intermediate percentages of survival. The average stand- 
ard deviation for all containers wnth a survival from 76 to 100 per cent 
is 9.1, and from 0 to 24 per cent is 10.6, whereas the standard devi- 
ation for all containei's with a survival from 25 to 75 per cent is 
24.8. This is to be expected, since a very low or very high percentage 
of survival of the seedlings tends to eliminate actual variations 
because the freezing temperatures may be so high that none of the 
seedlings are killed or they may be so low that all the seedlings are 
killed. In either case there would be no variability. 


Table 1 . — Th^i: influence of the type of container on the variability of the percentage 
eunnval alfalfa eeedlings after exposure to low controlled temperatures 


PLANTS IN CYPRESS FLATS 


Kind of alfalfH 


Turkwtten.. 


Nehittska common. 


Aricons oommon. 


: Average ' Keplica- 
1 survival j tions • 

1 

Standard 
deviation 
of a single 
determi- 
nation 

Coeffi- 
cient » 
of vari- 
ability 

Wein- 
berg’s • 
coeffi- 
cient 
of vari- 
ability 

i Per cent 

Vnm6er 




; 

77.0 1 

24 

20 

20 

4.2 

1 

47.0 1 

3 

24 

61 

6.6 


41.0 ! 

8 

20 

71 

6.2 

* 

32.0 i 

8 

29 

69 

.6.0 


29.0 ‘ 

8 

20 

69 

6.2 


23.0 

8 

20 

71 

4.9 


24.0 ; 

8 

21 

88 

6.6 


6.0 1 

8 

7 

140 

3.6 


2.0 1 

8 

4 

200 ! 

3.0 


.6 1 

1 

8 

1 

167 

1.2 


” 16 to 8<I plants replieaUfm In the lanfe containers and 10 to 20 plants per icplication in the small 
oontaineta; mcDth<old idanta l^dened unlton^y for 26 days at 2"* to 3^ C. previous to freesing; length of 
exposoiaand temperature varied with each test, depending on the type of container. 


*C.V.-uX100, 




Of all Variants. 


[n-Ma) 


where M«<*.mean, Mn«*the highest value, Mo*«the lowest value, Ma»mean 



432 


Journal of Agricrdtural Research 


Vol. 44, No. t 


Table 1 . — The influence of the type of container on the variability of the percentaae 
survival of alfalfa seedlings after exposure ta low controlled temperatures — Continued 

PLANTS IN METAL FLATS (CONSTANT MOISTURE) 


Kind of nlfttlfa 

AvoraRC 

survival 

Replica- 
tions • 

Standard 
deviation 
of a single 
detennl- 
nation 

1 

(^oelll- 
cient * 
of vari- 
ability 

Wein- 
tierg’s • 
coefll- 
cient 
of vari- 
ability 

Turkestan 

Per rent 
37 

Number 

24 

Ifi. 1 1 

44 

3.9 


PLANTS IN METAL CANS (CONSTANT MOISTURE) 



0R.0 

0 

3 ; 

3 

2.1 


87.0 

6 

4 ' 

4 

2. 3 

Turkestan 

80.0 

75.0 

7 

K ; 

9 

11 

4.4 


7 


li. 4 


71.0 

7 

20 ; 

30 

0.0 


67.0 

7 

2:) . 

34 

5.0 


74 

10 

29 : 

39 

0. 0 

Grimm.- _ - - 

59 

2.'i 

27 . 

40 

5. 5 


17 

10 

20 . 

UK 

5.0 


PLANTS IN POROUS CLAY POTS 



(trlJJim 



74 


■ i '"j" 

7 j 7 3, 4 

2R ! M 1 fi.« 

I I 


It is evident from the data in Table 1 that the coefficient of vari- 
ability does not offer a dependable measure of the variability of the 
surviving population, because in general the higher the percentage 
survival the lower the coefficient of variability. Weinberg’s coeffi- 
cient of variability as used by Winter (7) is not subject to this criti- 
cism, since it is not dependent upon the magnitude of the percentage 
survival of the seedlings after artificial freezing. In comparing the 
influence of the type of container on the variability of the percentage 
survival, Weinberg’s coefficients were averaged in only those instances 
in which survival was between 25 and 75 per cent. The data shown 
in Table 2 indicate that the variations of the variability in percentage 
survival in the different containers were not large. With Turkestan 
seedlings there was least variability in the metaj flats and cans, while 
with Grimm there was least in the pots. The metal containers always 
had a weighed amount of .soil which was brought to a constant moisture 
content before freezing. An attempt was also made to have the mois- 
tuw content of the soil in the cypress flats and pots as nearly uniform 
as possible before freezing. With the possible exception of the metal 
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flats, it appears to make little difference so far as variability in the per- 
centage survival is concerned, which type of container is employed. 
A serious objection, however, to the use of metal flats is indicated 
belov' : 


Table 2. — The injluence of the various types of containers on the variability in 
survival of l-month-old alfalfa seedlings after exposure to low controlled temperatures ® 


Klud of alfalfa 


Type of container 


Average 
Wein- 
berg’s co- 
efficient 
of varia- 
bility 


Turkestan. 


(irimm ....... 

Nebraska common 


1 Cypress flats 

Metal flats (constant moisture) 

Metal tians (constant moisture) 

Pots - 

I Metal cans ((^instant moisture) 

{Pots 

I Pots (constant moisture) . . - 

Cypress flats 


fl.fi 

3.0 
fl .2 
fi.7 
fi. ] 
5.6 

6.0 
5.2 


“ Only the data from the experiments ret>nrted in Table 1, which .showe»l a survival of 35 to 75 per cent 
were nverage<l. 


INFLUENCE OF THE POSITION OF THE ROW IN THE PLATS ON THE SURVIVAL OF 
SEEDLINGS AFTER ARTIFICIAL FREEZING 

In order to determine whether the ]>osition of the row in the flats 
had any influence on the survival of seedlings after freezing, the 
following experiment was undertaken. Seed of Turkestan alfalfa was 
sown in 0 rows lengthwise in 4 cypress and 4 metal flats. The seed- 
lings were allowed to grow under optimum conditions for one month 
in the greenhouse before they were transferred to the hardening cham- 
l)er. Here they remained Jor two w^eeks and were then exposed to 
freezing temjieratiires. Two weeks later a count of the surviving 
planks was made. In the cypress flats the percentages of surviv^ 
were as follows: In the 2 inner rows 87.0, in the 2 intermediate row's 
70.9, and in the 2 outer row's 63.9 per cent; in the metal flats the 
corresponding percentages were 55.8, 35.4, and 19.4. The difference 
in the. percentage survival between the two inner and the two outer 
rows in the metal flats was much greater (30.4 per cent) than in 
similar rows in the cypress flats (23.7 per cent). 

In order to determine wdiether there was more variability in sur- 
vival between plants in the rows of one flat than betw^cen row’s in 
different flats, calculations were made from the data obtained in 
the foregoing study. It w'as found that the standard deviation cal- 
culated by the deviatiou-frem-the-mean method on the basis of six 
rows within each of 4 cypress flats w’as 13.9, whereas between row's 
in the same relative position in different flats it was 20.2. Similar 
results for the metal flats gave standard deviations of 21.1 and 10.1, 
respectively. These results show that variability in survival within 
the same cypress flat is less than that between row’s in the same rela- 
tive position of different flats frozen at the same time. The revemc 
is true of the variability of survival in the metal flats. The varia- 
bility within a cypress flat is less than in any of the other combinations. 
vSince it is desirable in comparative cold-resistance tests that compari- 
sons between nnioiown alfalfas and the control be as accurate as 
possible, the cypress flats were extensively employed and alfalfas of 
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imknown hardiness were sown in alternate rows in the same flat with 
an alfalfa of known hardiness. The percentage survival of the three 
rows of unknown and the three rows of known alfalfas were averaged, 
thus eliminating any systematic error with reference to the original 
position of the seedung^ in the flats. 

INFLUENCE OF AGE ON THE RESISTANCE OF SEEDLINGS TO COLD 

To determine at what age young alfalfa seedlings would exhibit 
comparable differences in resistance to coId» the following experiment 
was undertaken with Turkestan, Grimm, and Arizona common. Trip- 
licate seeding of each alfalfa were made in rows in cypress flats 
each succeemng week for a period of two months under optimum 
conditions for growth. At the end of this period all flats were trans- 
ferred to the hardening chamber maintained at a temperature of 2^ 
to 4® C. and kept there for 15 days. Since a large number of flats 
were involved, all could not be exposed to low temperatures at the 
same time, so that it was necessary to freeze on three successive days. 
The average exposure was six hours at — 16®, After freezing, the 
plants were removed to the greenhouse, and two weeks later survival 
counts were made. The percentage of survival of the different alfal- 
fas at various ages is shown in Table 3. Apparently, under the con- 
ditions of this experiment, seedlings up to the age of 18 days are very 
susceptible to cold, all alfalfas being almost completely killed out. 
Comparative differences in cold resistance are well marked whether 
the seedlings are 25 or 60 days old. The percentage of survival at 32 
days is fainy high, although not so high as that of older seedlings. 


Table 3. — Jnfiumce of age on the cold resistance of alfalfa seedlings • 


c 

Kind of alfalfa 

Age of 
seedlings 
previous 
to hard* 
ening 

Average 

survival^ 

Average 
survival 
of all al- 
falfiisat 
each age 

Turkestan..... . 

Dap» 

Per cent 
79 
54 

Per cent 

<>rinim , 

60 

51 

Arisona oonunon 


21 ' 

Turkestan 


82 ! 


Grimni 

AS 

«7 ! 

If! 

61 

Arisona common 


Turkestan.. 



__ _ ^ 

47 

23 

Arisona common 

Turkestan 


33 t 


Grimm 

.30 

26 

20 

Arisona common 

1 

Turkestan . . 


43 


Orlmm. 

32 

23 

25 

AUsona common 

g 


Turkestan 


23 

14 

fl 


Grimm... 

25 

14 

Arisona common 

Turkestan.... 


2 


Grimm 

18 

0 

1 

Arisona common : 

0 


TurkMtan.. 


0 


nrtmm 

11 

0 

0 

Arisona common. 


0 


Tiurkastan.. 


0 


Grimm..... - ... . 

4 

0 

0 

0 

Affaqna common ^ . 








• A& phtntei Ifardeoed uniformly for 1ft days at 2* to 4« and exposed for 6 bours to a tempetatum of 
— lA* '0* ’ 

» Atmge of tbiee regdleations* oaoh npUeatton eoniisting of 1ft to ao plants of each at 
of deyelopinsnt. 
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Since the^ freesdng in this experiment was too severe to bring out 
differences in the younger plants, a second experiment was under- 
taken to ascertain the b^avior of the plants at those stages of growth 
when exposed to less severe freezing. A series of planting of two 
alfalfas was made at intervals in pots. At the end of 26 days after 
the first seeding the entire lot was placed in the hardening chamber 
and kept there for 15 days. At the end of that time the plants in 
the pots were exposed for three and one-half hours to a temperatiu*e 
of —14® C. Two weeks later survival counts were made. (Table 
4.) Apparently the seedlings were somewhat more resistant to 
cold in the cotyledon stage than when the third leaf had developed, 
although there were no appreciable varietal differences in cold resist- 
ance at these stages. As the trifoliolate leaves appeared, the seed- 
lings were not only more cold resistant but the varietal response to 
cold became more marked. It might be mentioned that the stage 
of development as shown in Table 4 also applies in general to plants 
of the same approximate age in Table 3. In comparative cold- 
resistance tests, therefore, the seedlings were grown for approximately 
one month under optimum conditions, at which time at least three 
true leaves had developed. 

Table 4. — Injluence of age and stage of development on the cold resistance of alfalfa 

seedlings ® 


Kind oralfklfa 


Turkestan 

Aiisona common. 

Turkestan 

Aritona common. 

Turkestan 

Arizona common. 

'Airkestan 

Arizona common. 


Age of 
seedlings 
previous 
to hard- 
eniz^ 


Stage of plant development 


Days 

2fi 

20 

19 

19 

lU 

10 

« 

5 


2 to 3 trifoliolate leaves — 

do 

1 trifoliolate loaf. 


Cotyledons and thiid leaf 

do — 

Cotyledons emerging 


Average 
. survival * 


: Percent 
J ('i9.0 

.! 43.0 

43.0 

18.0 
-I 6.1 

J 4.6 

13.5 

13.3 

I 


• Alt plants in pots hardened uniformly for 16 days at 2** to 4® C., and exposed for ZH hours to a tempera- 
ture of -14® C. 

* Average of 0 replications, each replication consisting of 16 to 30 plants of each alfalfa at each stage of 
development. 


METHODS OF HARDENING SEEDLINGS 

The importance of the hardening process in crop plants has been 
established through the studies of many investigators. In the pres- 
ent work the writers were interested particularly in determining the 
optimum condition for hardening and the expo.sure which would pro- 
duce maximum hardening of alfalfa seedlings. For these studies the 
hardening chamber (5) was maintained at a uniform temperature 
of about 2® to 4® C., no attempt being made to vary it. 


influence; op the length op exposure in THE^HympENnjG cha^ on the 

SURVIVAL OP SEEDLINGS AFTER ARTIHCIAL FREEZING 


Since the time required for maximum hardening in seedling alfal- 
fas under controlled conditions has apparently never been reported, 
this constituted one of the essential steps in the development of a 
comparative test for cold resistance. A number of experiments 
were undertaken to determine this point. 
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In the first experiment 50 pots of each of 5 alfalfas — Turkestan, 
Grimm, Nebraska common, Utah common, and -^Vrizon a common — 
were planted in October and allowed to i^row in the j^reeiihouse for 
35 days. Four ])ots of each of the 5 alfalfas, containing: from 10 to 
20 plants, were then transferred to the hardening chamber, first at 
3-day intervals, then at 2-day intervals, and finallj’^ at 1-day intervals. 
All plants of the five alfalfas were then exposed to a temperature of 
— 13.6® C. for four to seven hours. The percentage of plants surviv- 
ing at the end of two weeks is shown in Table 5, experiment 1. The 
percentage of survival was highest for the plants that had previously 
had a 14-day hardening period, and lowest for the plants that had 
been in the hardening room only 4 to 6 days. In general, the results 
show that, particularly with the hardier sorts, the longer the plants 
are held in the hardening room the higher the percentage of survival 
after artificial freezing and apparently the wider the differences be- 
tween the alfalfas representing hardy, midhardy, and nonhardy types. 

Table »5. — Influence of the length of exposure in the hardening chamber on the 
survival of alfalfa seedlings to artificial freezing 
. — 

i PLANTS IN POTS (EXPEltlMENT U- 


Daysin i Percentage .survival of— 


harden* 1. 
ing cham*j 

I her 

Turke* 

: Orimm 

i Nebraska 

■ Utah ‘ 

1 Arizona 

1 (number); 

Sian 

1 common 

; common 

1 common 

! 14 ' 

»3 

i ^ 

75 

53 

40 

11 

m 

! 69 

i 69 

72 

73 

0 

78 

1 67 

! 

48 

20 

7 

.'i.'l 

1 40 

22 

2.'* 


6 

4.*; 

, . 48 

31 

2ii 

23 


27 

15 

; 14 { 

25 

8 

4 

a/i 

! 28 

1 

i ^ 1 

0 

0 


PLANTS IN POTS (EXPERIMENT 2) * 



• Eadi agiire represents 4 pots containing 10 to 20 i^ants of each alfelfa; plants exposed for from 4 to 7 
hours at -13.6** C. 

lomewnts 8 TOts containing 10 to 20 plants; the Turkestan plants were exposed forOH homra 
WfAme Orimm plants for BH hours to a temperatme of -14.6** 0. 

represents three flats containing 5 alfalfas, of about 80 plants each: plants exposed for 8 
hours at -17® O. 
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Only one alfalfa, Turkestan, was employed in the second experi- 
immt of this series. Seed was sown in 85 pots at the same time, and 
eight pots were removed at various intervals to the hardening room. 
After hardening, the plants were exposed on the same day for iS% 
hours to a temperature of ~ 14.0*^ C. This temperature was some- 
what lower than that employed in experiment 1, and consequently 
the percentages of survival were lower. The results are shown in 
experiment 2, Table 5. All the plants that wwe transferred directly 
from the greenhouse to the freezer room without hardening succumbed. 
Even the plants that were held in the hardening chamber for eight 
days failed to recover. However, four additional days in the hard- 
ening chamber resulted in a survival of about 34 per cent. Sixty- 
five per cent of the plants that had had a hardening period of 16 days 
recovered. Extending the period up to 23 days apparently did not 
materially increase the percentage of survival. 

A third experiment with (xrimni seedlings was similar to the others, 
except that the length of exposure in the hardening chamber was 
extended to 35 days. Seed for the plants hardened 35 days were 
sown a month before the others. The plants were exposed on the 
same day to a temperature of “• 14.6® C., but for only hours. In 
general, the results arc similar to those reported in the preceding 
experiment, namely, the percentage survival after artificial freezing 
is directly correlated with the length of the hardening period, within 
certain limits. It will be noted that only 4 per cent survival resulted 
when the hardening period was extended to 35 days, and it is apparent 
that a prolonged period of hardening so weakens the young seedlings 
that they are easily killed by artificial freezing. In these three 
(experiments the plants, with one exception, were all of the same age 
at the time of freezing, but they varied in the stage of development, 
since they were transferred t(» the hardening chamber at different 
intervals. 

Up to this point the study of the influeuce of hardening on cold 
survival under conti’olled conditions has involved seedlings grown 
in ])ots. Although the seedlings were the same age, they had not 
reached the same stage of development when e.xposed to artificial 
freezing, because the different groups of seedlings remained in the 
hardemng chamber for different lengths of time. A fourth experi- 
ment was therefore made in which cypress flats were used and the 
dates of planting were so arrangetl that the plants would have reached 
the same stage of development at the time tlicy were transferred to 
the hardening chamber. Briefly, three flats were sown to each of 
five alfalfas on three different dates. While the plimts were all of 
the same age when they w^ere placed in the hardening chamber, I 
lot was hai3ened for 39 days, 1 for 18 days, and 1 for 8 days. The 
])lants in all the flats were then exposed for 8 hours to a tempera- 
ture of —17® C. The length of exposure was greater and the tem- 
perature was lower in this experiment than in the pot experiments, 
since larger amounts of soil were contained in the flats than in the 
pots. Howeverj the results are similar to those already given, as 
may be noted in experiment 4, Table 5. Here again, as in experi- 
ment 3, an extended hardening period apparently so weakenetl the 
plants that they could not withstand artificial freezing. It is inter- 
esting to note that the plants in experiments 1, 2, and 3, Table 5, 
that were in the hardening chamber longest, were able to overcome 
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the handicap of being somewhat less advanced in development, 
which, as Tables 3 and 4 show, would naturally make them less 
resistant to cold. This fact emphasizes the large degree of harden- 
ing which occurs during the longer periods. 

From these experiments it may be concluded that 1-month-old 
alfalfa seedlings not only attain ma^qmum hardening in about 15 
days under controlled temperatures of 2^ to 4^ C., but that these 
same conditions bring oul) the greatest differences between the hardi- 
ness of the various alfalfas. A hardening period of a few days or 
one of prolonged duration is not satisfactory, because comparative 
differences are not so pronounced. Therefore, in comparative hardi- 
ness tests 1-month-old sealing alfalfas were held in the hardening 
chamber for two weeks prior to artificial freezing. 


METHODS OF FREEZING THE SEEDLINGS 

For the artificial freezing of alfalfa seedlings a freezer i-oom Qi) 
was used in which uniform temperatures at any point between 0° 
and —30° C, could be maintained for indefinite periods. Before a 
comparative cold-resistance method could be developed, it was 
necessary to detennine the length of exposure to temperatures which 
would insure a uniform percentage of survival of the same alfalfa in 
repeated tests and bring out the maximum differences in survival 
between alfalfas of different degrees of hardiness. 


INFLUENCE OF THE HARDENING AND FREEZING TEMPERATURES AND THE SOIL 
TEMPERATURE DURING FREEZING ON PERCENTAGE SURVIVAL OF SEEDLINGS 


As the alfalfa seedlings were exposed to low temperatures either 
in small or large containers^ a study of the influence of the various 
factors involved in determining the correct length of exposure and 
temperature for a unifonn survival of the same (Ufalfa was necessary. 
Some of the factors which may be involved are: (1) The soil tem- 
perature prior to freezing; (2) the air temperature and length of ex- 
posure in the freezer; (3) the rate of freezing of the soil; and (4) the 
relative importance of the air and soil temperatures on the survival 
of the seedlings. Flats containing 6 inches of soil and 1 -month-old 
alfalfa seedlings were held at different temperatures prior to freezing. 
The soil temperature was measured by means of thermocouples at 
three depths after an exposure for different periods of time and also 
at two freezer-room temperatures. The results of the various tem- 
perature measurements, together with the percentage survival ob- 
tained under these conditions, are listed in Table 6. The results 
show that the soil temperatures previous to freezing have a direct 
bearing on the degree of lower^ of the soil temperatures in the 
freezer and the subsequent survival of the seedlings. For example, 
the flats with the high soil temperatures before freezing had a much 
greater drop in soil tenmerature than those with a low soil tempera- 
ture before freezing. This is reflected in the lower percentages of 
survival. A contributing influence, however, is the degree of hard- 
ening which occurred in those plants exposed to the lower tempera- 
tures before freezing. This hardening enabled a greater numb^ of 
plail|s to survive, even though the final soil temperature was lower 
%ii#that in the other flats* 
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Table 6 . — Relation of the hardening and freezing temperatures, and the soil tem- 
perature during freezing, to the percentage survival of alfalfa seedlings • 


Soil 


Temiier- 

Restilting soil temperatures 
at depths of— 

Survival 
of alfalfa 

temiiera* 

ture 

Period of 

ature 

Tnain> 

before 

freezing 

exiwsure 

tained 

1.3 cm. 

3.8 cm. ; 7.6 cm. 

plants 



•c. 

Hours 

“ a 

C. 

“ C’. : ® c. 

Per csni 

1U.5 

2 

- 18. 3 

6.3 

10. 0 ; 12. 0 

47 

4.0 

2 

-18.3 

-1.1 

.6 1 .9 

76 

18.0 

4 

-10.0 

1.3 

6.0 8.7 

60 

6.0 

4 

-10.0 

1 

.4 

1.1 1.7 i 

100 


•• Basted on a study of 4 flats containing 15 to 30 I-month-old seedlings of each of 4 alfalfas. 

The air temperatures in the freezer room exert a decided influence 
on the rate of freezing and the ultimate survival of the seedlings. 
An air temperature of — 18.3® C. for two hotirs resulted in a 47 per 
cent survival, whereas a 4-hour exposure at —10® was required to 
produce approximately the same percentage survival in those flats 
with a high soil temperature pre\ious tc> freezing. It will later be 
shown that the final soil temperature during freezing likewise has an 
important bearing on the subsequent survival of the seedlings. In 
other words, all these factors are important and each must be con- 
sidered in determining the proper procedure in comparative freezing 
tests. 


INFLUENCE OF THE PRECENTAGE OB SOIL MOISTURE ON THE RATE OF FREEZING 
IN THE SOIL AND PERCENTAGE SURVIVAL OF SEEDLINGS 


In the preceding section it was shown that soil temperatures at the 
time the flats were placed in the freezer influenced the rate of freezing 
the soil. In these experiments moisture content of the soil was uni- 
formly high. In order to determine the influence of the percentage 
of soil moistme on the rate of freezing, four alfalfas (Grimm, Nebraska 
common, New Mexico common, and California common) were sown 
in each of four flats and allowed to grow for one mouth under optimum 
conditions. They were then transferred to the hardening chamber 
for a period of two w^eeks. Just before freezing, the soil was allowed 
to dry out, so that it contained approximately 12 per cent moisture 
in all the flats. The soil in three flats was then brought to 17, 27, and 
33 per cent moisture, and the soil in the fourth allowed to remain at 
12 per cent. The flats were then exposed for various periods to an 
average temperature of — 18.9® 0 . 

By means of thermocouples placed in the soil at a depth of 1.3 
centimeters the rate of depression of the soil temperature was ob- 
tained. After freezing, the flats were transferred to the greenhouse, 
and two weeks later survival counts were made. The results of this 
experiment are presented graphically in Figure 1. In the soil with a 
moisture content of 12 and 17 per cent the temperatures dropped to 
0® C. within a few minutes, and within four hours had reached tem- 
peratiues of —5® and —4®, respectively. On the other hand, in the 
soil with a moisture content of 27 per cent, the temperature at the 
end of 4 hours was still above 0® and it did not reach —4® until after 
a 10-hour exposure, a difference of 6 hours. Finally, in the flat hav- 
ing a soil moisture of 33 per cent, the temperature did not reach 0® 



440 


Journal of Agrictdiural Research 


Vol. 44. No. 6 


until after a 5-hour exposure, and from tliis point the temperature 
gradually dropped to —2.2° at the end of over 15 hours. 

Thus the drier the soil, tlie faster was the temperature depressed. 
The higher the moisture content of the soil, the more gradual was 
the temperature depression. The lowest temperatures were also 
recorded in the drier soil. In spite of the shorter exposure, the per- 
centages of survival wore lower in the dry soil and progressively 
hi^er as the moisture content of the soil increased. 

These results show that the influence of the moisture content of 
the soil is pronounced, not only on the rate and final temperature 
depression in the soil, but also on the percent^e survival of the 
plants. Thus, in comparative hardiness tests with seedling alfalfas 



it is imperative that not only the temperature of the soil but also the 
moisture content be made as uniform as possible before the seedlings 
are frozen. A comparatively high soil moisture is to be preferred 
because a more uniform and gradual temperature depression occurs 
and the exposure can be extended over longer periods. In dl com- 

e tive hardiness tests the moisture of the soil in which the seed- 
are growing is made relatively high and uniform in all flats 
exposed at one time in the freezer room. 

INFLUENCE OP LENGTH OP EXPOSURE TO LOW TEMPERATURES ON PERCENTAGE 
SURVIVAL OF SEEDLINGS 

The technic of freezing seedlings has not been so perfected that 
it is possible to state that an exposure to a stated low temperature 
for a definite period will result in a certain percentage of survival. 
Neither have enough records been accumulated to show whether a 
shcHi; exposure to a low temperature will give more uniform and 
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consistent results than a long exposure to a higher temperature. 
Numerous trials have indicated that records of the soil temperature 
depressions aid greatly in determining the proper freezing exposure. 
Better results have been obtained when the container were exposed 
for relatively short intervals at a low temperature than when they 
were left until the soil had reached the air temperature of the freezer 
room. This necessitates longer exposures at higher temppatures. 
The former procedure is more nearly comparable to conditions in 
the field, where mininum soil temperatures rarely approach minimum 
air temperatures. Therefore, in most of the comparative hardiness 
trials temperatures between — 10° and —20° C. were employed, with 
relatively short exposures. No definite freezing exposure can be 
given, as this will vary with the degree of hardening of the seedlings 
as well as with soil type and other factors. 

The length of exposure to a given low temperature, however, is 
to some extent reflected in the percentage of survival, as shown in 
Table 7. The percentages of survival were obtained by averaging 
the number of 1-month-old plants in five pots of each of eight alfalfas, 
hardened off for a 2-week period, and exposed for various intervals 
to a temperature of —14.5° V. An hour and twenty minutes of 
exposure to this temperature resulted in a survival of 72 per ceht, 
while an exposui’c of 3}i hours reduced the survival to 20 per cent. 
For each increase in time of exposure betw^een these two points there 
was a definite decrease in the number of seedlings that survived. 

Tabi.k 7 . — Influence of the length of exposure to a temperature of — C.® on the 

percentage survival of alfalfa seedlings 

AveriiRe • 

Umrthofewcire 

phmts I 

Hours • MhuiifS Per cent ; 

I ao 72 

\ i .W <il 1 

;t (N) Xi 

I 3 ; :«» ^ \ 

f 

" Based ou a st udy of 5 (Kits coiUtiinifiK afiproxtrnalely fifteen I'liiout h<old plants, of each of K alfalfas, i. e. , 
fWX) ftlants. The plants had been hardened for 15 days. 

METHOD OF HANDLING THE SEEDLINGS AFTER FREEZING 

In practically all the experiments reported, the plants were removed 
directly to the greenhouse from the freezer room. From 24 to 36 hours 
elapsea before the soil in the flats came to the greenhouse temperature. 
Investigators are stUl in disagreement as to whether the rate of 
thawing is a factor in the differential responses of alfalfas after arti- 
ficial freezing. Janssen (^) states that slow thawing increases the 
percentage of survival in wheat; Weimer (0) reports that slow' thawing 
does not increase the percents^ survival in alfalfa. The writers 
(S) have presented data which snow that slow thawdng of 2-year-old 
alfalfa plants increased the percentage of survival. 

In an experiment one set of seedlings in pots was returned directly 
to the hardening chamber from the freezer room and held for a period 
of eight days before removal to the warm greenhouse, while a second 
set was taken immediately from the freezer room to the greenhouse. 
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At the end of two weeks the average percentage survival of those 
held in the hardening chamber for eight days and thawed slowly was 
32 ±1.9 per cent as conmared to 18 ±1.5 per cent for those which 
were thawed rapidly. Good comparable results were obtained by 
following a uniform practice in removing the plants directly from the 
freezer to the greenhouse. It yet remains to be determined whether 
there is a differential varietal response to slow thawing which would 
serve to bring out greater differences. 

Al^PLICATION OF THE METHOD IN COMPARATIVE COLD RESIST- 
ANCE TESTS WITH ALFALFA 

In developing methods for testi^ comparative cold resistance, a 
number of alfafias, representing di&rent degrees of hardiness, were 
employed in order to compare the results with those that would be 
expected under field conditions with the same sorts of alfalfa. As a 
rule the kinds used had been tested in general agronomic practice for 
a period of years, so their hardiness was known. 

In the first tests three alfalfas of different degrees of hardiness were 
employed. Each alfalfa was grown in 24 replications in rows in 
flats, so that there were approximately 480 plants of each alfalfa. The 
seedlings were grown for 1 month in the greenhouse, transferred to the 
hardemng chamber for 13 d^s, and then exposed to a temperature 
of — 19.6® C. for 8K hours. The percentages of survival are listed in 
Table 8. They are significantly different and in the same order as 
shown in field tests. 

Table 8. — Comparative cold resistance of alfalfas ® 

Kind of alfalfa | Survival of plants 


Per cent | P, K. ‘ 


Turkestan (P, C. I. No. 15754).-. .j 40 ‘ ±3.4 

Nebraska common I 27 i ±2. 8 


Arlrx)iiB (F. O. I, No, 15887).... 


3 1 ±.7 


• Based oil a study of 24 replicat ions of 15 to 30 plants (ler row. Plants were Krowti for l month in flats, 
hardened for 13 days, and exposed for 8)4 hours to a temperature of >-10.6® 

» P. E. of the mean, calculated by deviation-from*the>mean method. 

In a second experiment five alfalfas w^ere employed, and seed was 
sown in pots ana in rows in flats. Each alfalfa was replicated six 
times with 15 to 30 plants in each row in the fiats, and twenty times 
with each 10 to 20 plants in each pot. The plants in the two types of 
cx)ntainers were grown in the greenhouse for 1 month, transferred 
to ttie hardening chamber for 15 days, and finally the flats were ex- 
posed for 6 hours to a temperature of — 16.0® C. and the pots for 6}i 
hours to a temperature of — 13,8®. Two weeks after freezing, sur- 
vival counts were made. (Table 9.) In general they give a rdative 
percentage of survival comparable to that obtained m field tests. 
While the percentages of survival in the two types of containers are 
not always identiciil, because of different lengths of exposure to low 
t^peratures, the results are in agreement in ^erenttating the de- 
gree of hardiness between alfalfas. Some may question the placing 
of Ttok^tan above Grimm in the hardinegs scale. However, these 
resi^^v hAve been consistoit in the writer's tests. The writers (4) 
that certain Ibts of Turicostan are mote hardy under the 
tests than Grimm, whereas some are less hardy < 



Mar. 1, 1983 Comparoitive Hardiness in Seedling Aljaljas 443 


Table 9. — Comparative cold resistance of alfalfas « 


Kind ofalfalfn 


j Survival of pianta— 

I _ _ . 

I In flats In pots 


Turkestan (F. C. I, No. 157M) 
Orimni (F. C. I. No. 15713)... 

Nebraksa common 

Utah (F. C. I. No. 15815) 

Ariaona (F. C. I. No. 18837) ... 


1 Per cent 


Per cent 

P.K » 

72 

±7.9 

70 

±4.5 

58 

±5.0 

68 1 

±5.3 

51 

±6.2 


±5.6 

32 

±3.3 

50 ! 

±5.0 

14 

1 

±1.4 : 

40 1 

±6. 7 


• Bailed on average results from 6 flats, each flat containing 15 to 30 plants of each alfalfa, and from 20 pots 
containing 10 to 20 plants. Plants were grown for 1 month, hardened for 16 days; flats were exposed for 6 
hours to a temperature of —16.0° C. and pots for 5MI hours to —13.8° C. 

► P. E. of the mean, calculated by deviatiou-from-the-mean method. 


In order to test the validity of the method further, a series of eight 
alfalfas of known hardiness were sown both in pots and in rows in 
cyijress flats. The seedlings were allowed to grow for one month in the 
greenhouse. Those in the flats were then hardened for 13 days and 
those in the pots for 1 1 days. The flats were then removed to the 
freezer room and exposed for 2 % hours to a temperature of — 20.4® C. 
To insure success in obtaining the correct freezing exposure, the pots 
were divided into four lota of five pots each for ea(3i alfalfa. The first 
lot was exposed for 1 % hours, the second for 1 %^ the third for 3, and 
the fourth for 3K hours to a temperature of — 14.4®. 

The percentage of seedlings surviving after these exposures in the 
freezer room are riven in Table 10, together with the probable errors, 
calculated by the deviation-from-the-mean method. The higher 
probable errors in the tests with flats can be accounted for by the 
fact there w'cre only four replications, whereas with the pots there 
were 20. This experiment, therefore, pves some idea of the number 
of replications necessary for comparative testing for cold resistance 
of alfalfas. 

Table 10. — Comparative cold resistance of alfalfas 





Survival of plants - 


Kind of HlfslfH 

F. (\ I. 
accession 
No. 

In flats • 1 

In pots * 



Per cent 

1 

P. K.* (Per cent 

i 

P. E.* 

Ladftk 

14J35 ' 

47 

I 

±8.0 ! 

78 

±L0 

TurkMtan 

15764 

46 

±8.7 1 

65 

±1.0 

South Dakota common 

14210 

22 

-4-4.2 ; 

56 

±2.6 

Kansas common 

15749 

8 

±1.5 , 

± .6 i 

45 

±3.5 

New Mexico common 

14470 

3 

42 

±2.5 

Provence.... 

15744 ; 

2 

± .4 i 

20 

±2.0 

Arlxona. 

15837 ; 

1 

±. . 2 1 

33 

±2.3 

Peruvian 

1.5830 , 

i 

0 

24 

±1.5 



1 


for t '®***^®®**®*“ of 15 to 30 l>montb-olc1 plants for each alfalfa, hardened for 18 day.s, and exi;>osed 

k on 20 replications of 10 to 30 l-month-bld rdants for each alfalfa, hardened for 11 days, and exposed 

for from to 8H hour^ to a temperature of -14.4^ C. 

« P. £. of the mean, ealculated by devlatiox^from-the-mean method. 


The agmment between the rank of the alfalfas tested in the flats 
and pots is very close, and corresponds very nearly with the relative 
hardmess found with these same alfalfas in field experiments. Dur- 
ing the past sea^n (1930-81). individual hardiness tests have been 
made on 100 different sorts oi alfalfa and, in general, as judged by 
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those whose hardiness was known, the results have been uniform and 
consistent in giving an expression of their relative hardiness. 

With a sufficiently large number of replications, the results ob- 
tained indicate the possibility of a wide application of this method. 
In addition to its adaptability for testing new strains, selections, 
and introductions, it would appear to be valuable for selecting 
hardier types within a mass population. 

SUMMARY 

The steps involved in the development of a method for the deter- 
mination of comparative hardiness in seedling alfalfas under con- 
trolled conditions have been presented. This method as developed 
up to the present time consists essentially of the following general 
procedure. 

Alfalfas are seeded in small pots or preferably in cypress flats in 
alternate rows with a control alfalfa of known hardiness; and allowed 
to grow under optimum conditions in the greenhouse for one month. 
They are then transferred to the hardening chambej*, held at a 
temperature of 2° to 4° C. for two weeks. Before the seedlings are 
frozen, the soil is brought to a high and unifonn moisture content. 
The flats with the seedlings are then exposed in the freezer room for 
a number of hours to a temperature at some point between — 1 0° 
and —20®. The length of exposure to low temperatures is so gauged 
that about 50 per cent of the control alfalfa survives. After freezing, 
the seedlings are removed to the greenhouse and two weeks later 
survival counts are made. The actual percentages of survival of 
the alfalfas are calculated in terms of the control alfalfa, and com- 
parisons between alfalfas are made by this standard . 

This method gives reliable and consistent results in the determina- 
tion of relative hardiness' in different alfalfas, and offers a rapid means 
whereby they can be tested for comparative cold resistance. This 
method may also be used for selecting hardier types within a stiain 
or variety of alfalfa. 
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INHERITANCE IN BARLEY ‘ 


By D. W. Robertson, Associate Agronomist ^ G. W. Deming, Assistant in Agron- 
omy y and Dwight Kooncb, Assistant in Agronomy y Colorado Agricultural 
Experiment Station “ 

INTRODUCTION 

Although an abundance of genetic work has been done on animals, 
only a few plant species have been studied in detail. Barley, a crop 
of economic importance, has many easily determinable characters and 
a small number of chromosomes. For this reason it offers good mate- 
rial for inheritance studies. With the common occurrence of chloro- 
])hvll-defective seedlings the chance of identifying different character 
pairs has increased, and a large number of factor pairs has been added 
to those already known. The studies presented in this paper are a 
continuation of previous studies made for the purpose of establishing 
linkage groups in barley. 

REVIEW OF LITERATURE 

A fairly extensive review of the literature on linkage relations in 
barley is now available i/Jy 6', Sy I, The character pairs discussed 
in this paper which have been studied by previous workei's are shown 
in Table 1. 

Table 1. — Character pairs discussed in this paper which have been studied by pre- 
vious workers 


rimrncter puir 


Investigtitor 


Number of foctor.s 
iuvulved 


Symbol used 


KoiiKh V. smooth own.. 

Style bram'hiiiK . . 

UifiK V. short hHired nichillii. . . 

Slock V. white jtJume color 

lUue V. whit« aleiiroutv. . 
Hoods V, awns. .. . , 

Green V. chlorina.. , . 

Green v. tabinos . . 


fluyes ainl < lurlwr (.i) , 
GrilToe (.#) 

SiKfusson (/f).. 

itoberl.soii and Deminir 

iU), 

Uor(7i. ... 

,Kol)ertsoii \,I0) 

Sinfusson (/J?).. . . - . 
'Hucklei G) ... ... 

iGrilloe LS).. .. 

I Hayes and < larber (<?). 

jKoberLson (W) 

ISigfusson (iJf).. 

jSoiind linsii (/.I) 

Hays and Garber 

.Buckley (/) 

|Hor (7) 

Hayes and Garlw t-5) . . . 

Robertson {Ui) 

Jluekley (/) 

/NUswomKhle (») 

lUt\ll(]iiist U) 

^NMlsson-Ehle (f») . . 
Halhinlsi (i) 


SiiiRle-factor <iilTerence 

2-faetor difference. Fj 
ratio, 

2*faclor dillereni«. Kj 
ratio. Ui'A-M: I. 
pairs of cumulative 
factors. 

SinKie*faot<*r liilTerence 


d«. . 


Sinjtle-fBctor dilTerem-c 
(xenia). 


‘Sjn&ledactor difference 


|| 

i} . do . .. 


(/fr). 

iPrSs). 

{KrSs). 

(fg, (f'g', G'V" 

lat). 

\(St). 

\(U). 

I (/./). 

UHb). 

lim, 

{{Rf W). 

(Kk). 

(Kk). 

(Kk). 

(h'k). 


!((.'! *03) 

:\(.djo»). 


' IteoeiYed for publication Auk. issued Aivil. 19112. I'he imrt of this patter dealiiiK with the 

character differences in a ('Oost X Lion cross was submitted to the Department of Agronomy. Utah Stale 
Agricultural College, by Dwight Koonce in partial fuiflllment of the re<iuireraents for the «legree of master 
of science, March, 1931. 

*The writers gratefully acknowledge the cooperation of i>irector I*. Gillette and Prof. Alvin Ker.er, of 
this station, in providing facilities for this investigation. The writers are also indebted to Dr. H. K. 
Hayes, professor of plant genetics, University of Minnesota, for helpful criticisms of the manuscript. 

* Reference is made by number (italic) to Literature (Mted, p. 400. 


Journal of Agricultural Research, ^ ol. 44. No. s 

Washington, D. C. Mar. i, 1932 

Key No. Uolo. a 

113O01--^J2 5 
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Table 1. — Character pairs discussed in this paper which have beeti studied by pre^ 
vious workers — Continued 


j 

Character pair 

1 

InvostiKator 

i 

Nomber of factors 
Involved 

Symbol used 

Oreen v. albino t 

1 

1 HAlInnist (A) 

Single-factor, difference. 


Qreen v. albino 

Robertson (/O).. 


(Atai). 

Oreen v. xantba - 


do 

(Xar). 

Green v. albino 


do - 

(Aitti). 

Do 

1 Robertson and Doming 
[ </i). 

I 


Oreen v. yellow 

1 do 

do 

(XrtXa). 

Oreen V. vlrescent I 

L..._do.. 

do 

(Y,ye). 

Green v. bblorina ! 


do 

Wrh 


Three types of F 2 segregations have been described in differentiating 
between rough and smooth awns. Hayes and Garber (5), in sum- 
marizing previous data, report that the Fi plants in crosses between 
rough and smooth awned varieties have rough awns, while the F 2 
generation segregated into rough and smootn awned plants in an 
approximate 3:1 ratio. Griff ee (8) and Sigfusson {12) report a 
2-factor difference. Griffee was able to divide the F 2 plants into three 
phenotypes only based on an arbitrary awn index division. The 
types rou^h, intermediate smooth, and smooth were obtained in a 
12:3:1 ratio. The factor R produces rough awns, while the factor S 
is hypostatic to R and in the absence 01 R produces intermediate- 
smooth awns. The double recessive rr ss produces smooth awns. 
Sigfusson classifies the F 2 plants into four groups according to the 
degree of roughness. He states {12 ^ p, 6W) : 

The rouRh and intermediate rough classes have barbs the entire length of the 
awn, but the awns of the latter class are not nearly as scabrous. When heads of 
these phenotypes were exauuned in sunlight, and when held at the correct distuTicc 
from the eye to be properly focussed, the difference could be easily discerned. 

Sigfusson classified the F 2 as rough, intermediate rough, interme- 
diate smooth, and smooth, A close approximation, of a 9:3:3:1 
ratio was obtained. The factor R, either single or in duplicate and 
in the absence of Sf produced the intermediate-rough condition, and 
likewise the factor S, in the absence of 1?, produced the intermediate- 
smooth condition. Both factors are necessary to produce the fully 
barbed condition. The double recessive rr ss produced the smooth- 
awn class. 

Daane {2) reviews the previous work on linkage and describes five 
linkage jp^oups: (1) The non 6-rowed versus 6-rowed character pair; 
(2) black versus white lemma and pericarp; (3) hulled versus naked 
seed; (4) hooded versus awned; and (5) rough versus smooth awn. 
Several other characters have been found which have not yet been 
placed in any of the linkage groups described. 

Hot (7) reports a linkage between black versus white glume color, 
rough versus smooth awn, and long versus short haired rachilla. 

iTobertson {10), Sigfusson {12), and Buckley {!) found the factor 
pairs for black versus white glume color and rough versus smooth 
awn to be inherited independently. 

Sigfusson {12) and Hor (7) obtained a linkage between long versus 
short haired rachilla and one of the factors for rough versus smooth 
awn* Sigfusson gives a crossover percentage of 30.8. Hor found a 
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crossover percentage of 28.70 ±3.43 for the repulsion phase and 
34.54 ± 2.89 for the coupling phase. 

Buckley (f) reports a linkage of the factor pairs Bl hi for blue 
versus white aleurone and Kk for hoods versus awns. A minimum 
X* value of 2.23 was obtained at a crossover value of 41 per cent. 

Hallquist (4) reports a linkage of the following chlorophyll-defec- 
tive seedling factors: Albinoi, albinos, and chlorina. The crossover 
percentages were found to be 10.2 for albinos and chlorina; 3.8 for 
chlorina and albino 4 ; and 12.5 for albinos and albino 4 . 

VARIETIES USED IN THE EXPERIMENTS 

This paper presents a study of the inheritance of various factor 
pail’s and their possible linkage relations. The following varieties 
were used in the various studies: Coast C. I. No. 2791, Lion C. I. 
No. 923, Minnesota 84-7, Trebi, Coast III, Colsess I, Colsess IV, 
Colsess V, and Minnesota 72-8. 

Coast C. I. No. 2791 has a white glume, short-haired rachilla, blue 
aleurone, branched st 3 des, and rough awn. The barbing extends the 
full length of the awn. The grain is hulled. 

liion C. I. No. 923 has black glumes, long-haired rachilla, un- 
branched styles, and smooth awms. However, there is barbing of 
the awns at the base, which was disregarded in this stud.y. Also, 
there is some barbing on the tip of the awns which varies, as is shown 
b\^ the awn indices. 

"Minnesota 84-7 is a 2-rowed, white-hulled, awned barle 3 ^ The 
rachilla hairs are long an<l it carries the factor pair//’ for chlorina 
jilant color. This barley was obtained from the Minnesota station 
and came originally from C\ Hallcjuist. Nilsson-Ehle {9) describes 
it as a pale-gi*een chlorophjdl-deficient type. It is a 2-rowed strain 
of Gold. The color of the seedlings is “cosse green (Ridgw-ay, 
PI. V).** The plants grow to maturit.v but are somewhat stunted. 

Trebi (10) is a 6-rowed, bearded, bulled barley wdth heads veiy 
similar to those of Coast. The strain Trebi I carries a factor pair 
(A fit) for green versus whiU* seedlings which has previous!}' been 
found linked with the factor pair Bb for black vei’sus white glume 
color. 

Coast HI is similar to Coast, but carries a factor pair (F^y/c) h>r 
green versus virescent seedlings (11), The virescent seedling dies 
in the seedling stage. It comes up with a veiy marked green tip on 
the first leaf. 

Colsess is a fi-rowed hooded barley with a hulled grain of a bluish- 
green color. The straw and glume are light yellow. The shank of 
the hood is about 5 mm long and is barbed at the base. The racliis 
is rather tough and the head does not shatter easily. The racliilla 
hairs are short and the outer glume is covered with very short hairs. 
Several strains of this variety have been used in the studies of chloro- 
phyll deficiencies. Colsess I and Colsess IV (10) cany the factor 
pair lor green versus w-hite seedlings and Colsess IV carries the 
factor pair Xt;tc for green versus xantha seedlings. The factor pairs 
A Sc and Xtpr.e have previously been found to be closely linked. The 
strain Colsess V (H) is a chlorina plant, less vigorous than the normal 


< KIDQWAT, R. rOtOR STANrARPS AND fOiOH NOMENCIATURK. 43 p., iHus., WHShlllgton. I>. C. 1912. 
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green plants, and lighter in color. The plants are dull green-yellow 
(Ridgww, Plate XVII) 

Minnesota 72-8 is a (l-rovrod, hulled, awned barley, obtained from 
the Minnesota station. The original plant came from Hallquist and 
has the factor pair Yy for green versus virescent seedlings. The 
virescent seedlings have a slightly green tip, but fail to survive beyond 
the seedling stage. 

Methods sinular to those used in previous w'ork by the senior 
author(IO) were employed. 

The strains containing the chlorina factor pairs Ff and Ff„ were 
recessive for the factors for chlorina. These chlorina plants were 
used as parents instead of plants heterozygous for the chlorophyll 
deficiencies used in previous studies. 

INHERITANCE OF SIMPLE MENDELIAN CHARACTERS 

CHLORIN.A. SEEDLINGS IN MINNESOTA 84-7 

The inheritance of the chlorina seedlings in Minnesota 84-7 wa.« 
studied in a cross bet'ween chlorina plants of Minnesota 84-7 and 
Trebi plants heterozygous for the factor pair for green vensus white 
seedlings Atdt- All of the Fi plants w'ere green, indicating that the 
factor pairs Ff and AtOt are not allelomorphic. There w^ere 9 Fj 
plants which segregated in F 2 for green and (*.hlorina plants and 14 
which segregated for green, chlorina and white. The segregation of 
the green and chlorina plants indicates a single-factor diffei*ence. 
Table 2 presents the data obtained from thesi>i (Tosses. 

Table 2. — Fj segregation of green and cMorirm seedlings in Minnesota S4 7X Trehi 


Itwii 


Otxserved count 

Calculnted segrogutlon, 3:1.. 



VIRESCENT SEEDLINGS IN MINNESOTA 72-8 

The mode of inheritance of green and virescent seedlings was studied 
in a cross between Colsess IV, heterozygous for the factor pair AVe 
for green versus xanth a seedlings and Minnesota 72-8, heterozygous 
for the factor pair Yy for green versus virescent seedlings. The num- 
ber of green and virescent seedlings obtained from the progenj^ of six 
Fi plants which were heterozygous for the seedling factor pair Yy is 
shown in Table 8. 


Table 3. — Fg segregation of green and virescetU seedlings from plants heterozygous 
for the green and Hrescent factor pair (Yy) in Colsess IV X Minnesota 7S-fi 


Item 


Ohsarved eoant 

Caleulated segreffation, 3 : i : . 


1 

Green 

Virescent 

Deviation I)/1>K 

V26 

327 



313. 2A 

13.75 1.33 


The Bfigregation of green and virescent seedlings indicates a single- 
vfadtor difference. 


» ripoway, r. . Op. cit. 
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BLUE VEKSUS WHITE ALEURONE (B1 Bl) 

The inheritance of blue and white aleurone was studied in a cross 
between Colsess IV^ and Minnesida 72~S. A separation of tlie blue 
and white aleurone color was attempted in the Fi plants, but some 
difficulty was encountered, especially with small immature seeds. 
The Fo plants, however, were si^parated in the field into homozygous 
blue aleurone, heterozygous plants having botli blue and white seeds 
on the same head, and homozygous w’hiie aleurone. When the plants 
wore grouped into tw'o groups, those containing homozygous and 
heterozygous blue aleurone and those with (‘olorless aleurone, the 
segregations shown in Table 4 were oldained . 

Table segregatum of with colored aleurone and colorless nleurojie, as 

determined from Fi plants^ in (\dses8 IV yC M innesola Ti^-S 


lt<*m 


(’oh>n‘<l (’oliirhfs*'* Deviatitm . O PK 


OLsrrvotl count . . 4, ... . _ 

(.^alcnlatol Hciircuation, :t : 1 . ... ... 4,401 . 1,4X7 '.<2 4,o;» 

The number of plants with colorless aleurone is small. When phmts 
are grouped as homozygous blue and heterozygous blue and colorless, 
a much better fit to the calculated 3 : I ratio is obtained. Table ;*> 
gives the grou[)ing of the different F 2 seeds. 

Table 5.- - F^ segregation of seeds tcith pure blue aleurone {HI HI) and non pure blue 
aleurone (HI hi and bl bl) as determined from the Ft plants in ('<dsess IV v Min^ 
nesota 7.1 S 


Item 


Heternzy- 

giHisbliK' Hoinozy- 

antl color- Kottf* 
less 


! 

0«*viutiou ’ 


1) I'K 


t )l>.scrv(»d count .... 
t 'silculHtoil .<c|;tn'nati(ni, : 1 


4,420 l,r»2X . 

1.401 1,4K7 41 - 1 V2 


The results shown in Tables 4 and 5 may he explained as due to a 
single-factor pair. 

The lietter fit in the classification of nonhliie and hliie-seeded plants 
may he (‘xplained by the fact that white seeds on Fa plants may havn 
t>een fertilized with pollen carrying the factor for blue, and all plants 
showing any blue aleurone in the heads w ere classified as heterozygous. 
The progeny of some Fa white seeds (F'l plants) evidently were classi- 
fied as heterozygous instead of colorless, w hich reduced the number of 
colorless plants. 

HOUGH VERSUS SMOOTH AW^N 

The inheritance of rough vei*siis smooth awns w^as studied in a 
Coast X Lion cross. The plants wei*e classified into three groups, 
rough, intermediate smooth, and smooth. The method used w as the 
same as that employed by Hayes et al. (6) and Griffee (3). An aw n of 
averagi> length w'as taken from the center of the main spike of each 
plant and examined under the microscope, Hayes et al. (6*) state: 

The distance on the tip of the awn uptm whicli teetli were regularly boniii was 
nieaRured. The total length of tlie awn was divided by the length of the tip upon 
wiiich teeth w’ere found. The result obtained w'as called tJie aw n index; the larger 
the index, the smoother the aw'ti and vice versa. 



450 Journal of Agricultural Research voi. 44 , No. 5 

Coast and the rough F2 plants have an awn index of 1. The awn 
indices of 100 plants of the Lion parent were determined. The awn 
indices of this group ranged from 2.7 to 7.6, with an average of 4.3. 
A division of the partially smooth plants was made at the awn index 
of 2.7, which was the lower limit of the Lion plants. The plants with 
an awn index of 2.7 or more were classified as smooth, and the plants 
with an awn index of 1.1 to and including 2.6 were classified as 
intermediate smooth. 

As shown in Table 6, the observed segregation approaches a 12 :3 : 1 
ratio. By applying the test for goodness of fit, a x* value of 2.28 was 
obtained with a P value of 0,3273. This segregation is similar to that 
found by Griffee (5), and can best be explained on the basis of 2-factor 
difference for roughness of awn. R and 5' are used to designate the 
factors for roughness of awn, and r and r' denote the absence of the 
rough condition. When the factor R is present the awn is rough. 
R' IS hypostatic to jK, and in the absence of R gives intermediate 
smooth awned plants. The double recessive, rr r'r', gives the smooth 
group similar to the lion parent. 

Table 6 . — Segregation in the Fg generation for roughs intermediate smooth^ arid 
smooth awns in CoastY^Lion 

' : Inter- I 

Item Rougli « mediate j Smooth <* 

' smooth » ! 

Observed count ' H62 19l i 64 

Caloulated segregation, 12:6:1 ■ 830.25 207. 56 i 60.19 

X*-2,28. P-0.3273. 

• Awn indices: Rough, 1; lntormediate*smooih. 1.1 to 2.6; srnrtotli, 2.7 or over. 

BRANCHING OF STYLE 

In a previous paper, Robertson and Deming (//), have reported a 
3-factor difference between the smooth style of Lion and the feathered 
style of Coast, The factor pairs are designated Gg G'g' G^'g". The 
behavior of about 50 F3 plants from each F2 family was studied. 
With independent inheritance of three cumulative factors, the fol- 
lowing ratio of differently segregating plants would be expected in the 
Fa generation. Thirty-seven plants would have one or more of the 
factors in the homozygous dominant condition and would give plants 
with some degree of branching on the style, 12 plants would segregate 
15 branched to 1 imbranched, 8 would segregate 63 branched to 1 
unbranched, 6 would segregate 3 branched to 1 imbranched, and 1 
would breed true for the imbranched condition. 

The following data were obtained from the Fa families studied. 
Foiiy-five F3 families segregated 15:1, 35 segregated 3:1, 17 segre- 
gated 63:1, and all of the Fa plants with unbranched styles bred true. 
A poor fit to the calculated number of segregating families was 
obtained. Some error evidently crept in from the small number of 
plants in the Fa families, and possibly this would account for the small 
number of families segregatmg 63:1. However, when we consider 
the olose fit of the Fa segregation to the calculated 63 : 1 ratio and the 
faet that all calculated Fa ratios were obtained, it may be con- 
el4#a4 that these results are best e^lained on a 3-factor hypothesis, 
factors are cumulative in their effect, and it is necessary for all 
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the factors to be recessive in order to produce the unbranched styles 
of the Lion type. 

INTERRELATIONSHIP OF CHLOROPHYLL DEFICIENCIES 

GKEEN VERSUS CHLORINA (Ff) AND GREEN VERSUS WHITE SEEDLINGS (AtaO 

The interrelationship of the factor pairs FJ and A^t vras studied in 
a cross between Minnesota 84-7 homozygous for chlorina {;ff) and 
Trebi, heterozygous for green and white seedlings {Afibt)- All the 
Fi plants were green, indicating that the factor pairs Ff and Afiit are 
not allelomorphic. There were 9 Fi plants that segregated in F2 for 
green and chlorina and 14 that segregated for green, chlorina, and 
white. The interrelationship of the factor pairs Ff and Afit was 
studied in the progeny of the 14 plants that segregated for green, 
chlorina, and white seedlings. (Table 7.) 


Table 7. — F* segregation of green^ chlorina^ and white seedlings in Minnesota 

84-7 X Trebi 


Item 



Green | 

Chlorina 

1 

White 

Observed (wuiit 

Culculnted segregation, 9:3:4 



... 3.333 

... 3.408.7 

1 

I.IM 

1. 134. 6 

1. 3.'>4 
1,512.7 








X»*3.3fl79. P«(K1917. 


The test for goodness of fit to a 9:3:4 ratio gave a P value of 
0.1917, indicating independent inheritance of the factor pairs 
and Ff. 

GREEN VERSUS CHLORINA (Ff) AND GREEN VERSUS W'HITE SEEDLINGS (Aeftc) 

The inheritance of green versus chlorina (Ff) and green versus 
white seedlings (AfXtc) was studied in a cross between Minnesota 84-7 
and Colsess. The following crosses were grown in Fi and F2: 11-26- 
440, 11-26-421, 11-27-148, and 11-27-151. All the Fi plants were 
green, indicating that the factor pair for green versus chlorina (Ff) 
and the factor pair for green versus wliite in Colsess {Actte) arc not 
allelomorphs. From a cross of the above types, wdiere a pure chlorina 
plant ./f is crossed with a plant heterozygous for green and white seed- 
lings /IcjZc, only two kinds of Fj plants would be expected, namely, 
those giving progeny segregating in Fn into green and chlorina 
seedlings and those segregating into green, chlorina, and white seed- 
lings. The progeny of 10 plants of the former type and 7 of the latter 
were studied. 

The interrelationship of the factor pairs Ff for green versus chlorina 
seedlings and Atfic for green versus white seedlings was studied in the 
families that segregated for all three types of seedlings. The following 
s«gresations were obtained: Crosses 11-27-148 and 11-27-151 pro- 
duced 1,397 green, 541 chlorina, and 599 white seedlings. The num- 
ber of chlorina plants is greater than the calculated 9:3:4 ratio. A 
similar but wider variation was found in cross 11-26-421. The F2 
plants segregated into 776 green, 302 chlorina, and 308 white. In 
order to test the possibility of linkage, the F3 segregation from the F2 
green plants was determined. (Table 8.) 
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Table 8. — Genotypes of Fs green plants as determined from Fa seedling counts 

in various crosses 


('ross No. 

Number of plants bavinj? indicated genotyiu* 

FFA.Ae 

FfA.Ar ! FFAra, 

i 

FfArttr 

X* 


P 

II~26~440 

76 

170 1 1A2 

331 ' 

1. 4722 


0. 0032 

11-26-421.. 

Sf) 

M) 70 

174 : 

1. 6476 


.6530 

n-27-148an(l m 

m 

265 218 

.522 i 

1 

6.2.536 

! 

. 1015 


The data in Table 8 indicate independent inheritance of the factor 
pairs Ff for y^roen versus chlorina seedlings and AgOe for green versus 
white seedlings. 

GREEN VERSUS VIRESCENT SEEDLINGS Y^yc AND GREEN VERSUS CHLORINA SEED- 
LINGS 

The relationsliip of the factor pairs concerned was studied in a cross 
between Coast, heterozygous for green and viresccnt seedlings Vr//r 
and Colscss, homozygous for chlorina seedlings /c/c. 

Two types of segregating progeny were obtained. Eleven F] plants 
segregate for green and chlorina seedlings in Fj, and 22 Fi plants 
segregated for green, chlorina, and virescent seedlings in Fg. The 
observed ratio as compared with a calculated 9:3:4 ratio is shown in 
Table 9. The data hero given indicate a very poor fit to the calcu- 
lated 9:3:4 ratio. 

Table 9. — Observed and calculated 9:3:4 ratio ff greetty chlorinayand inreseent 
seedlings in the Fa generation from (Umst III X Colsess V 


Urm ♦ Orwn ; Chlorina ! Vinssirnl 


Observed count 4. lo-s l,S2;i I.MH 

Calculated ion, 0:3:4 4, 410. A 1.470.2; 1,060.3 


X*»l04.1t»87. P, very small. 

In order to detemiine whether linkage was present, Collins’s formula 

IAB-2Ab 

'^^M'AB+Ab 

was used. A crossover percentage of 29.44 was obtained. The 
observed and calculated ratio on the basis of 29.44 crossing over is 
given in Table 10. The data here shown indicate that there is a 
possible linkage between the factor pairs Yeyg and Fcfc- While the F 
value is low, it shows a better fit than that obtained when the observed 
ratio is tested with a 9 :3 :4 ratio. 


Table 10. — Observed and calculated segregation ivith 39.44 per cent crossing over 
in Coast IllXColsess V 


Item 

Green 

Chl(Nrina 

Vire.sccnt 

Observed ctaxnt - 

4, 165 i 
4. 090. .5 ! 

1 SMKI 

1 853 

0]idC)i3i^ed aegregatlbn, 29.44 per cent crossing over 

At KFmo 

\ 1.700.3 

1 900. 2 

k^*-- 7,W6S, i>-04J2a5. 
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In order further to test the linkage relationship, tiie F2 genotypes 
of the green plants in the F2 families segregating for green, ohlorina, 
and vireseent seedlings were determined from F3 seedling counts. 
Table 1 1 gives the grouping of 746 F2 plants in the different genotj^pes, 
as determined by F3 seedling counts. As in the F2 data, the observed 
to the calculated 1:2:2:4 ratio for independent inheritance gives a 
very poor fit. 


Table 1 1 . — (ironping of 74fi h\ green plants in the different genotypes as determined 
by Fa seedling counts of their progeny 


NunjlM?r of i)hints showinK brecdinji 

habit in /’» 





iPnr..KWn! 

Gm*n 

vireseent 

Gn.t‘n 

chlorina 

\ircsc<*nt 

Ratio ... 

ObservcMi counts 

ral<*ulntc(l .scKrciiatiou, 1:2: 2: 4 



-! <») 3:1 

31 145 

«2.y 165. H 

3:1 i 
157 

16.5.K 1 

1«:3;4 
413 
331. 5 


Py wry Miiall. 

' All. 


The possibility of linkage was calculated from the foriiuila used by 
Kobertson (10) and a crossover value of 29.30 was obtained. The 
observed ratio was compared AAith the calculated ratio with 29.30 ])er 
cent crossing over. Table 12 gives the results obtained when the x“ 
test for gooaness of fit is used. 

Table 12. Observed and enlenlated F-i genotypes of 7^6 F^, plants obtained from 
(\taHt IllXColsess V 


b'i (rt'not.v|H‘.s ijidicatod bm'ding hnbii 


Jtom 


OnM*n 


Gropn 

ohlorina 


Orooi) 

virosoont 


Green 

ohlorina 

>ire.'!oent. 


Observed oount 31 14.'» 157 413 

Oftleulated seprotralion, W.;* |H>r oenl oros-sinK over 30.7 14^.2 I4S. 2 IJS, 0 

x**'0.fi777. /^ very larRo, 


The fit of the observed to the calculated ratio with 29.30 per cent 
crossing over is very good, indicating a linkage of the factor pairs 
YeVe for green versus vireseent seedlings in Coast 111 and the factor 
pairs Fcje for green versus chlorina seedlings in Colsess V. The 
chlorina factor pair fefe had previously been shown by two of tlie 
writers {11) t<> be inlierited independently of the factor pairs AcOg 
and found in Colsess and the factor pair A /U/ for green versus 

white seedlings found in Trebi. The factor pair Kk for hoods versus 
awns was also found to be inherited independently of the chlorina 
factor pair. The factor pair YeVe for green versus vireseent seedlings 
in Coast was also reported to be inherited independently of the factor 
pail’s At/Uej AVc, and TCt. 
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GREEN VERSUS CHLORINA SEEDLINGS (Ff) IN MINNESOTA 84-7 AND GREEN VERSUS 
CHLORINA SEEDLINGS (F«fe) IN COLSESS 

The interrelationship of the factor pairs Ff and Fcfe was studied in 
a cross between Minnesota 84-7 pure for chlorma (ff) and a Colsess 
plant pure for chlorina (/«/<•). The Fi plants were pure green. The 
F2 plants segregated into green and chlonna. Table 13 gives the data 
obtained for several F2 families. The chlorina plants were hard to 
separate in the field and w ere grouped together. 

Table 13. — F 2 segregation of green atid chlorina plants from Minnesota 84~7X 

Colsess V 


Item Green Chlorina D/PE 

Observed count .. 4,4R.'i 3,697 

Calculated segreKation, 9:7 4,602 3,580 3.91 

The number of chlorina plants is larger than the calculated number; 
the deviation divided by the probable error is 3.91. 

The segregation of the green and the two chlorina typos w as deter- 
mined from F3 seedling counts. Table 14 gives the F2 segregation of 
green and the different chlorinas, as detennined from the F3 seedling 
counts. The data here given indicate that the factor pair Ff for green 
and chlorina seedlings in Minnesota 84-7 and the factor pair F\fc for 
green and chlorina in Colsess V are inherited independently of each 
other. To test further the inheritance of the factor pairs Ff and 
Fcfci Fa seedling counts w^ere made on the progeny of F3 green plants. 
With independent inheritance, a ratio of 1 green to 2 segregating for 
green and chlorina, Ff] 2 se^egating for green and chlonna, Fcfc; 
and 4 segregating for green 'and both chlorinas would bo expected. 
A close approach to a calculated 1:2:2:4 ratio was obtained, 
1.9345, which gave a F value of 0.5874. This further indicated that 
the factor pairs Ff and F^^fc are inherited independently of each other. 

Table 14. — F 2 classes as determined from F 3 seedling counts in Minnesota 8A-7 X 

CoUess V 


Item I Green 

Observed count | i,L58 

Calculated segregation for independence I 1 , 143. 8 

i 

X*“3,2418. P»a0718. 

GREEN VERSUS XANTHA SEEDLINGS (XeX.) AND GREEN VERSUS VIRESCENT SEED- 
LINGS (Yy) 

Crosses were made between Colsess IV plants heterozygous for 
yellow seedlings (X^e) and Minnesota 72-8 heterozygous for virescent 
seedlings (Yy) (^een-tipped whites). Twenty-nine Fi plants were 
growm. Of these, 11 gave only pure-green progeny, 6 segregated for 
green and yellow, 6 segregated for green and virescent seedlmgs, and 
6 segregated for green, ydlow, and virescent seedlings. The number 
of green plants was somewhat larger than expected. 


Minnesota 
84r-7 chlo- 
rina 

Colsess V 
chlorina 

Double 

chlorina 

346 

322 

120 

360.2 

386.2 

105.8 
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INTERRELATIONSHIP OP THE YELLOW AND VIRESCENT SEEDLING FACTORS 

The progeny of Fi green plants wliich segregated for all three 
types of seedlings in F 2 were used. In Table 15 the plants are grouped 
according to the F 2 genotype, as determined from the F 3 seedling 
segregations. 


Table 15. — Observed and calculated ¥2 genotypes^ as determined by the F 3 seedling 
segregations in Colsess I Kx Minnesota 72~8 


Item 


Observed count 

Calculated segregtitioii, 1:2: 2; 4. . . . 

X*- 2.6647. 0.4522. 


I Number of indicated Kenotyi)e 

I T" i 

I XoXeYY : XcXeYy i XcXcYY | XoXcYy 


171 352 315 ; 646 

lt>4. 0 329. 8 329. 8 659. 6 


The data in Table 15 indicate that the factor pairs aiid Yy are 
inherited independently of each other. 

RELATION OF CHLOROPHYLL DEFICIENCIES TO OTHER 
BOTANIAL CHARACTERS 


green versus CHLORINA seedlings (Ff) AND LONG VER.SUS SHORT HAIRED 

UACHILLA (Ss^ 

The interrelationship of the green versus clilorina seedling color and 
long versus short haired rachilla was studied in the P 2 plants producing 
only green and chlorina seedlings. Table 16 gives the observed 
values and the calculated 9 : 3 : 3:1 ratio for green versus chlorina 
seedlings and long versus short haired rachilla. 

Table 16. — Fi segregation of green versus chlorina seedlings and long versus short 

haired rachilla 


Item 


Observed count 

Cftlculated segregation, 9:3:3:1. . 

x**0.402U. Pf very large. 


Numt>er of plants having character indicated 


Green 


Chlorina 


Long 

Short 

Long ; 

I 

810 

266 i 

275 

H13.4 

1 271.1 

271.1 


Short 


05 

mA 


The agreement between the observed and the calculated ratio for 
independent inheritence is very good and indicates that the factor 
pairs Ff and Ss are inherited independently of each other. 


GREEN VERSUS CHLORINA SEEDLINGS (P!) AND NON 6-ROWED VERSUS 6-ROWED (Vv) 

In studyix^ the interrelationship of the non 6 -rowed and 6 -rowed 
character pair with green versus chlorina, it was foimd that the green 
plants wore high in 6 -rowed plants and the chlorina plants were high 
m non 6 -rowed plants. The 6 -rowed plants had the following geno- 
t 3 rpes, mllf wii, and vvii. If the non 6 -rowed plants are grouped as 
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2-rowed and intermediate plants, the 2-rowed plants would have the 
following genotypes, VVII, VVil^ and VVii. This type of classifi- 
cation can be made in the F2. the genotypes of the intermediate 
classes Vvli^ Vriiy VvII are grouped the ratio is as follows : One 6-rowed, 
two in tennediate, and one 2-rowed. The intermediate classes con tained 
both high and low fertility types of intermediates. A check of the 
F2 counts was made from segregation of F2 plants. Oidy four 
changes in classification if 619 F2 plants were necessary. Two 2- 
rowed plants were changed to an intermedium, one intermediate higli- 
fertility plant to a 6-rowed, and one intermediate to an intermedium. 
This woTild only change the place of two plants in the 1:2:1 ratio. 

When 2-rowed plants {Wily Wily and VFn) are grouped in one 
class and the non 2-rowod (6-rowod twlly vvli, iTvly and intermediate 
Vvliy Vviiy VvII) are grouped in the other class, a ratio approaching 1 
2-rowed to 3 non 2-row'ed was obtained. Similarly, when the F^ 
plants were classified as non 6-rowed (2-rowed Wily Wily TT 7 /, 
and intermediate Vvliy Vviiy and VvII) and 6-rowed (wily vvliy and 
vvii) a good fit to a 3:1 ratio vras obtained. 

When the interrelationship of green versus chlorinn and non 
2-rowed versus 2-rowed is studied, a coupling type of linkage is found. 
Table 17 gives the F2 segregation of non 2-rowed versus 2-rowed and 
green versus chlorina plants. The fit of the observed to the calculated 
is very poor. 

Table 17. — F 2 segregation of non :i-rowed versus '^-roived and green versus chlorina 

plants 


I NunUKT of plants having cJiaraotors Irnlifated 


Itoni 




Ot»so.rvefl count .. 

Calculated .seprettat ion, 


x*s= iS7.75. P, vPi y .small. 


Non 

2-row«Ml 


! 2 'row'iMl 


NotJ 

2 'rowi‘d 


2 -niWo(l 


1.02H ns 142 I 202 

871. 9 290. e 290. 0 ; 90. 9 


The product-moment method was used to determine the crossover 
percentage between the factor pairs Vv and Ff. Immer’s {8) tables 
were used. A crossover percentage of 18.3 was obtained. Table 18 
gives the fit of the observed to the calculated ratio with 18.3 per cent 
of crossing over. 

Table 18. — F 2 segregation of non ^-rowed versus arrowed and green versus chlorina 
plants compared mth a calculated ratio with 18.S per cent crossing over 


Item 


Observed eount 

CfUEAilatad segregation, 18.3 per cent crossover. 


X«* 2 . 33 «). 


’ Numt)er of plants liaving characters indiealed 
1 Oreon ! ("hlortna 


! Non 1 
; 2‘rowed | 

' 1 

2^owed i 

i 

Non i 
2*rowed | 

3-rowed 

1 1.038 

118 1 

142 1 

262 

1 1.033.6 

128.9 1 

mo i 

1 

mo 
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Table 18 indicates a linkage of the factor pairs Ff and VV, with a 
crossover value of 18.3 per cent. The probably error for the crossover 
value is ± 0.74 per cent. 

When the non 6-rowed versus the 6-rowed and green vei-sus chlorina 
plants are tested, there is again a poor fit of the observed to the cal- 
culated 9 :3 :3 ; 1 ratio. The segregation of this type is opposite to the 
previous classification for rows and is in the repulsion phase, since non 
6-rowcd and chlorina went into the cross together and O-rowed and 
green went into the cross together. The crossover value was again 
detorriiined by the product-moment method, and a crossover percent- 
age of 1.05 per cent was obtained. Table 19 presents the Fo 

observed ratio and the calculated ratio with 10.70 per cent crossover. 
The fit of the observed to the calculated ratio is good in both cases. 

'Cable 19. — Fj segregation of non 6-rowed versus 6-rnwed, and green versus chlorina 
plants compared udth a caleulated Fj ratio with 16.76 per cent crossing over 


Xunibcr of plants having duuncters indioatod 
(ir(*on Chlorina 


Non 

i>-row«*d 


(i-nmi'cl 


Non (>- 
rowod 


< Jhservod ccmut 783 363 393 II 

f’alrulatod sogrcgatw)U 16.76 p«»r cont crossing over, 785.8 376.6 376,6 10,9 


0.77 II. 

From the data presented in Tables 18 and 19, it may be concluded 
that the factor pair Fj for green versus chlorina seedlings is closely 
linked to the factor pair which disting\iishes the characters 2-rowed 
and 0-rowed. The cros.sover value is about 18.3 ±0.74 per cent. 

OKEEN VEKSUS CHLORINA fFf) AND HOODS VERSUS .VWNS (Kk) 

The interrelationship of the green versus chlorina factor pair, Ff, 
and hoods versus awns, Kk, was studied in a cross between Oolsess 
and Minnesota 84 -7. The F 2 segregation of the green versus chlorina 
plants for hoods versus awns is given in Table 20. The observed ratio 
fits the calculated 9:3:3: 1 ratio very well, x* being 2.5725 with a 
P value of 0.4089. This indicates that the factor pail's Ff and Kk are 
inherited independently of each other. 

Table 20. — Segregation of green versus chlorina {Ff) plants and hoods versus awns 
(Kk) in ColsessX Minnesota 84~7 


N uiiiIht uf i>lant.s having characters iiidicntcd 
Item Grei‘n Chlorina 


<U)served count 

CalculabHl segregAtion, 9:3:3: 1 


; Hooded 


U31 

957.4 I 


.Awned 


326 ' 

319. I i 


Hooded 1 -\wned 


119 

100.4 


X*» 2.5725. i>-«0.4(»9. 
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GREEN VERSUS XANTHA SEEDLINGS (X.Xe) AND NONBLUE VERSUS BLUE ALEURONE 

(B1 bl) 

The relationship of the factor pair for green versus xantha seedlings 
{X^c) and the factor pair for nonblue versus blue aleurone {Bl hi) was 
tested in a cross between Colsess IV and Minnesota 72-8. There was 
no indication of a discrepancy in the 3 : 1 ratio of plants with nonblue 
to those with blue aleurone, as is shown in Table 21. 


Table 21. — segregation of plants with nonhlue and Uue aleurone in families 
which produced xantha seedlings in Colsess IVX Minnesota 72-8 


Item 

1 Nonblue 

i 1 

! Blue ! D/PE 

j 

Obsen'ed count - ! 

2.056 ! 

704 1 

Calculated segregation, 3:1 ; 

1 

2, 070 I 

600 1 0.01 


With close linkage of the blue factor and xantha seedling, there 
should be a smaller number of plants with blue aleurone, since the 
factor Bl and Xe went into the cross together. No such condition 
is found, indicating independence of the factor pairs Blhl and 

GREEN VERSUS CHtORINA SEEDUNGS AND LONG VERSUS SHORT HAIRED 

RACHILLAS (S.) 

The interrelationsUp of green versus chlorina seedlings F,/, and 
long versus short haired rachilla Ss was studied in a cross between 
Colsess V and Nepal. The F j segregation is given in Table 22. The 
data in this table indicate that the factor pairs Ft/r and Ss are in- 
herited independently of each other. 

Table 22. — F-j segregation of green versus chlorina (Fefr) seedlings and long versus 
short haired rachillas (Ss) in Colsess VX Nepal 


j Number at pJiiuts buving chnnicter inrlicated 


Item 


(irtieu 


('hloriuii 



i 

; s ; 

Observed count... - 

1.302 ; m 1 

1,401.4 j 476.6 ! 

Calculatetl segregation for independence j 



S s 

387 : IIU 

377.6 I 128.4 


1.1707. P-0.0547, 


INTERRELATIONSHIP OF OTHER BOTANICAL CHARACTERS 
BLUE VERSUS NONBLUE ALEURONE OU bl) AND HOODS VERSUS AWNS (Ek) 

The interrelationship of the factor pairs Bl hi and Kk was studied 
in a cross between Colsess and Minnesota 72-8. The Colsess seeds 
have a blue aleurone and Minnesota 72-8 a white deurone. The 
aleurone color was separated into nonblue and blue, as previously 
mentioned. Table 23 gives the segregation of nonblue versus blue 
and hoods versus awns. 
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Tablk 23 . — Observed and calculated 9:3:8: 1 ratio of nonblue versus blue and 
hoods versus awns in ColsessX Minnesota 73-8 


Item 

Number of pJanfs having characters indicated 

Nonblue 

Blue 

Hooiled 1 Awned 

I 

Hooded | Awnecl 

Observed (iount.. 

3.UN6 1 1.334 

3.345.7.5 1 1.115.2.5 

1, 4.55 i 73 

1,115.25: 371. 7J 

('(ilculatecl .segregatioii, 9:3:3:1 .i 



400.05. very small. 


The observed ratio fits the calculated 9:3:3:1 ratio very poorly. 
The two middle classes, however, are noticeably high and" the two 
extreme classes low. Since nonblue went into the cross with awns, 
and blue went into the cross with hoods, a linkage of the repulsion 
type might be expected. The segregation of the F2 plants indicates 
such a linkage. The possible linkage value was calculated by the 
product-moment method with the use of Immer’s tables (<?;?), and a 
crossover value of 22.08 ± 0.82 per cent was obtained. 

The data in Table 24 indicate a linkage of the factor pairs Bl hi 
and Kk, The linkage agrees with the finding of Buckley (f ). How- 
ever, he found a crossover value of 40.56. In his studies he used 714 
plants. 

T ahlk 24.-"-Ohserred and calculated ratio of rtonhluc versus blue and hoods versus 
aivns with per cent crossing over 



. Number of plants luiving character indicated 

Item 

! N onblue 

Bine 



* K k 

K 

k 

Observeil count 

3,0S« l.;«4 

1. 45.i 

73 

( 'iilcuiuted segregat ion, 22..')S fier cent cros.sing over . 

; ;i,049.8 1,411.2 

! 1 

1,411.2 ; 

75. 

x2“G.1157. /**0.107U. 





Similar wide deviations from the calculated 9:3:3:1 ratio were 
found for the factor pairs Bl bl and Kk in the families segregating 
for green and yellow seedlings in the F2 and also in the families seg- 
regating for green and virescent seedlings in the F2. As has already 
been shown, the nonblue and blue segregation of aleurone color both 
pve good fits to the calculated 3:1 ratio. There is evidently no 
linkage between the factor pairs X^c, for green versus yellow seedlings 
and Xy for green versus virescent seedlings and aleurone color. 

Crossover percentages were calculated for the factor pairs Bl hi 
and JSTir in families segregating for green and yellow seedlings and 
families segregating for green and virescent seedlings. The crossover 
values were 25.01 ± 1.19 and 24.70 ± 1.21. In the former case 2,760 
plants were used and in the latter 2,667. 

When the observed and calculated values ^^ith 25.01 and 24.70 
crossover percentage were tested, a x“ of 1.5606 with a P value of 
0.6602 was obtained in the families segregating for green and yellow 
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seedlings, and a x* of 0.5967 with a very large value for P was obtained 
in the families segregating for green and yirescent seedlings. While 
the latter crossover values are slightly higher than that calculated 
from the green plants, the difference is within three times the probable 
error of a difference. The crossover percentage is evidently about 
22 . 00 . 

BLUE VERSUS NONBLUE ALEURONE (B1 hi) AND LONG VERSUS SHORT HAIRED 

RACHILLA (8s) 

A t/Otal of 2,555 F 2 plants was used in this study. A slight devia- 
tion in the nonblue and blue segregation was found. The blue- 
seeded plants were in larger numbers than the cahuilated 3:1 ratio 
of nonblue versus blue. In order to overcome the error caused by 
this discrepancy, the F 2 segregation was tested for indojjendence. 
The results given in Table 25 were obtained. 

TabI/E 25. — F-j segregation for nortblue versus blue and long versus short haired 
rachilla in pure green plants 


Xtimbor of plants having c‘haract.er.s imitoaftKl 


Item 


Obaerv^d count - . 

Calculated .segregation . _ . 


Xoiibloe fUue 


T.ong- j Short- l.ong- Short- 

hoircK) bairefl haired liaired 

mchillas | rachillas rnehillas ruchillas 


471 > JMI IK7 

1,378.7.'S 47H.26i .'>18.25 170. 7.'i 


x*“0.6418. P, ver.v large. 


These data indicate that the factor pairs Bl bl and Ss are inherited 
independently of each other. This, again, agrees with Buckley^s 
findings. 

BLACK VERSUS WHITE GLUMES (Bb) AND ROUGH VERSUS SMOOTH AWNS (Kr K'r'i 

The interrelationship of the factor pairs Bb and Rr R'r' was studied 
in a Coast X Lion cross. Table 26 presents the data obtained in 
this cross. The calculations were made on a (3 : 1 ) (12:3:1) basis. The 
data indicate that the factor pairs for rough versus smooth awns arc 
inherited independently of the factor pair for black versus white 
glume color. 

Table 26. — Fa segregation for glume color {Bb) and roughness of awn {Hr R'r') 
in Coast X Lion 


Number of plants having charact«rs iudiented 


Item 


Observed count 

CalcHiia^ segregatieti (9:1) (12:3:1).. 




Black Glumes : White Glumes 


. Hough 

lutenue* 

diate 

Smooth j 

\ 

Rough i 

1 

1 

Interme- 

diate 

1 

, 1 

i i 

smooth 

smooth 


,!' 636 

138 

46 ; 

1 

217 ‘ 

53 

15 

..j 616.5 

1 I 

154.1 

61.4 i 

213. 8 1 

53.4 1 

J7.8 
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BLACK VERSUS WHITE GLUMES (Bb) AND BRANCHED VERSUS UNBRANCHED STYLES 

(Gg fl'g' G'V') 

The interrelationship of the characters glume color and style 
branching was studied in a (63 : 1) (3 : 1 ) classification of F 2 data. Table 
27 presents the results ol)tained. 

Table 27. — F>i ttegregaiion of nlyle brmuthinq (63:1) and glume color (3:1) in 

Coast X Lion 


• Nuiiit)or of plants having characters indicated 


Jlcin 

Hranclied style 

I'nbranched style 


j 

Black j 

White 

' ■ 

Blacrk 

White 

Ob.served count 

. 806 1 

2S2 

16 

.3 

Calculated segregation (63:1) - 

816 , 

272 

14. 25 

4. 75 


The data indicate independent inheritance of the fa<‘tor pairs 
Gy G'g' and the factor pair Bb, 

LONG VERSUS SHORT HAIRED RACHILLA (S»» AND ROUGH VERSUS SMOOTH AWN 

(Rr RVi 

In studying the interrelationship of long versus short haired ra- 
chilla Ss and rough versus smooth awn, the factors for the rough- 
awned character were studied separately. Two types of clasvsifica- 
tion of Fa material were made. One separated the material into 
rough and smooth. The smooth class included both intermediate 
smooth and smooth. Table 28 presents the data obtained from the 
two types of classification. When the test for independence w'as 
used a very poor fit w^as obtained. 

Table 28. — F 2 segregation of long versus short haired rnchillas and rough versus 

smooth a tens 


I \uinl>e.r of plants having clmracinrs indicated 


Item 


Long-haired rRchilla.s •, Short-haired rnchillas 


Observed count 

Calculated segrogHtlon 


Rough ! Smooth Rough 

awns ; awns awns 

m I 22:1 i m 

028 ‘ 188 : 224 


Smoot h 
awn.s 


32 

67 


32.2190. /», very small. 


In order to determine \rhether the factor pair fi'/' was inherited 
independently of the factor pair Ss^ which differentiates between 
long and short haired rachilla, a second type of classification was 
made in which only the intermediate-smooth and smooth-awned 
plants were used. I* he data obtained are given in Table 29. 

113601—32 G 
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Table 29. — F 2 segregation of long versus short haired rachillas (Sa) and inter- 
mediate-smooth versus smooth awns (/2'r') 


Item 


Observed count 

Oalcolated segregation, 9:3:3: 1 . 


x’ -0.8454. P, very large. 

The fit of the observed to the calculated is very good, indicating 
independent inheritance of the factor pairs ff'r' and Ss. These data 
agree with the findings of Sigfiisson (12). 

Since the factor pair i?'r' for intermediate smooth versus smooth 
has been found to be inherited independently of the factor pair Ss 
for long vemus short haired raclnlla, the intermediate-smooth and 
smooth phenotypes may be combined in a study of linkage between 
the factor pairs Rr and Ss. 

According to the symbols used in this paper, the lion parent has 
the genetic constitution rr, r'r', SS, and the Coast parent has the 
genetic constitution RR, ss for the characters roughness of awn 
and rachilla hairs. The characters went into the cross in the repul- 
sion phase. The dominant factor I? concerned in this study is in the 
rough class only, while the recessive factor r is in the intermediate- 
smooth and smooth classes. The factor pair B'r' is common to both 
classes, but should not interfere in the calculations, as it was found 
to be inherited independently of the factor pair Ss for long versus 
short-haired rachilla. The linkage value was calculated on the basis 
of a (3 : 1) (3 : 1) ratio by the use of Immer's tables (8). The observed 
data are compared vrith the calculated ratio with a crossover percent- 
age of 34.63 ± 1.76. (Table 30.) 

Table 30. — Comparison of the observed and the calculated ratios with 3/,.63 per cent 

crossing over 



! 

Number of plants having characters indicated 


Long-haired rachilla 

Short-haired rachilla 


: Intermedi- 
ate-smooth 
awns 

Smooth 

awns 

Intermedi- 

ate-smooth 

awns 

Smooth 

awns 


i 

i 167 

! 161. 25 

161 

161. 25 

00 

53. 75 

483.75 i 



Number of plants having character indicated 

Item 

Long-haired rachilla 

Short-haired rachilla 

Rough 

awns 

Intermedi- 

ate-smooth 

and 

smooth 

awns 

Rough 

awns 

Intermedi- 

ate-smooth 

and 

smooth 

awns 

Observed count 

693 



32 

34.9 

Calculated segregation, 34.63 per cent crossing over 

576.6 

230.4 

259 

256.1 


P-0,40M. 


The data in Table 30 indicate a linkage of the factor pairs Rr for 
it)ugh versus smooth awn and Ss for long versus short haired rachilla. 
with a crossover value of 34.63 ± 1 .76. The above crossover percent^ 
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age agrees fairly well with the crossover perc.entage of 30.8 reported 
by Sigfusson (l2) and of 28.70 ±3.43 in the repulsion phase and 
34.54 ±2.89 in the coupling phase reported by Hor (7). 

ROUGH VERSUS SMOOTH AWN (Rr R'rM AND BRANCHED VERSUS UNBRANCHED 
STYLES (Gg OV a"g'0 

The interrelationship of the factor pairs Hr Wr* for rough versus 
smooth awn and Gy G*y* for branched versus unbranched style 

was studied in the same cross. Table 31 gives the segregation of 
rough, intermediate-smooth, and smooth-awned plants with branched 
and unbranched styles. 

Table 31. — F 2 segregation of hrawhed versus unhranched styles (Gg G'g' G"g") and 
rough versus smooth atvns {Rr K'r') in Coast X Lion 

Numlier of plauts having characlers indicated 


Branched styles j I'nbranched styles 



Tntcrme- 



! Interme- ! 

Kouch 

(liatc- 

.‘Smooth i 

Hough 

! diate- i Rnioolji 

awns 

smotnh 

awns 

awns 

. .smooth I awns 


awns 

1 


1 awns i 

! j 


Observed count isW i is#< .'iO ! 2 ■ 3 I 14 

f/alcnlated segregation on a basis of two ! j I ’ 

12:3:1 Slf, 204’ f»K j 14. ‘J/i 3. 6t) ' 1.10 

1 ) 1 ,' 

X ■<= lf)tLf)4. P, very .small. 

The segregation in Table 31 is between a 2-fHctor difference for 
roughness of awn and a 3-factor difference for branching of style. 
The unbranched stylo group has only 19 plants. However, the 
unbranched style-smooth awn class is high and the unbranched style- 
rough-awned class is low when compared with the calculated 12:3:1 
ratio. The reverse is true, to a les.ser extent, in the branched style 
group. The above deviation from the calculated 12:3:1 ratio indi- 
cates linkage. The dominant factors concerned in this cross enter 
in the Coast parent, and the recessive factors enter the cross together 
in the Lion parent. Therefore, if there is linkage of the factor pairs 
for branched style and rough awn or unbranched style and smooth 
awn, it would be in the coupling phase. If such a linkage occurred, 
the rough-awned plants ^ith branched styles and the smooth-awned 
plants with unbranched styles would be present in greater numbers 
than would be expected with independent inheritance. Similarly, 
the rough-awned plants with unbranched styles and the smooth-awned 
plants with branched styles would be less numerous than the calcu- 
lated ratio for independ^t inheritance. Such a condition is found in 
Table 31, indicating a possible linkage between the main factor pair 
for rough awns {Rr) and one of the factor pairs for style branching. 
The data, however, are not sufficient to permit the calculation of the 
crossover percentage with any degree of accuracy. 

DISCUSSION 

In studying linkage relationships, only those haying a direct bearing 
on the factor pairs considered in this paper will be discussed. A 
rather extensive list of linkage relationsnips has recently been made 
by Daane (2) and Buckley (Jf). 
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GROUP 1: NON 6-ROWED VERSUS B-ROWED 

The following plant characters have been described by two or more 
independent workers as belonging to this group {2 ) : Height of plants 
length of awn, early versus late neading, and extension of the outer 
glume. 

In crosses between Minnesota 84~7 and Trebi, a linkage has been 
found between the factor pair which distinguishes between the 
2-1*0 wed and 6-rowed character, and Ff, a factor pair for chlorina 
seedlings first described by Nilsson-Ehle {9) and later obtained from the 
Minnesota station under the number Minnesota 84-7. This chlorina 
seedling was found by Nilsson-Ehle to be linked with a white seedling 
factor pair known asildsaa, albino 3. Hallquist (4) confirmed this link- 
age and found the linkage of another white seedling factor pair, 
albino 4. He gave the following crossover percentages and arrange- 
ment of the genes in the chromosome: Albino 3 and chlorina, 10.2 per 
cent crossover; albino 4 and chlorina, 3.8 per cent crossover; and 
albino 3 and albino 4, 12. .5 per cent crossover. This would mean that 
the genes were arranged in the chromosome as follows: Albino 4, 
chlorina and albino 3. Buckley (f)in a recent paper reported a link- 
age of the factor pair for 2-rowed versus 6-rowed, with several genes 
concerned in the development of colored veins on the lemma and one 
of the two genes concerned with the development of red pericarp. 
He also lists the chlorophyll-deficient series of Nilsson-Ehle and 
Hallquist as possibly forming a fifth linkage group. The data pre- 
sented in this paper place this group in the linkage group with 
6-rowed versus 2-rowed. However, the arrangement of the factors in 
the chromosome has not yet been determined. The factor pair for 
the row character may be either to the right or to the left of the factor 
pair for chlorina. 

GROUP 2: BI^CK VERSUS WHITE LEMMA AND PERICARP 

Several factor pairs are located in this group, but none so far has 
been found independently by two workers. However, it has been 
clearly shown by Robertson (JfO), Sigfiisson {12), and Buckley {1) 
that the factor pair Ss, for long versus short-haired rachilla is inherited 
independently of the factor pair Bh for black versus white pericarji. 

GROUP 3; HULLED VERSUS NAKED CARYOPSIS 

Only one factor pair has been reported by two workers in this group 
that is dense versus lax head. {2), ' 

GROUP 4; HOODS VERSUS AWNS 

Buckley found a linkage between the factor pairs for hoods versus 
awns and Bl hi for blue versus nonblue aleurone. Tliis linkage is con- 
firmed in the present paper. However, the linkage value here reported 
is smaller than that found by Buckley {1). It was also shown that the 
chlorophyll-deficiency factor paim Ata^ and which are closelv 
linked and which were thought to be loosely linked to the factor pair 
Kk for hoods versus awns, are evidently not linked to the factor pair 
Bl bl for blue versus nonblue aleurone. This is easily understood wneii 
it is remembered that the crossover value reported by Robertson {10) 
from a segregation of three classes was 45.09 per cent. If Kk was also 
Hnked with Atae a linkage of Affl,c and Bl U should have been ob- 
tained with a crossover value of about 26 per cent. 
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GROUP 5: ROUGH VERSUS SMOOTH AWNS 

Several workers {12, 7) have reported the linkage of one of the factor 
pairs for rough versus smooth awn (JKr) and long versus short haired 
rachilla {Sf). This linkage is confirmed and the linkage values of all 
three studies are within three times their probable errors. The cross- 
over percentage is about 34. 

GROUP 6: ALBINO (A,tto) VERSUS GREEN 

Only one linkage in this group has been found, that of the factor 
pair X^e for green versus xantha seedlings. The factor pair A^a^ is 
not closely linked with the following factors found in the above- 
mentioned groups: (1), Non 6-rowed versus 6-rovred; (2), black versus 
white lemma; (3), hulle<l versus naked caryopsis; (4), hoods versus 
awns; and (5), rough versus smooth awn. 

In making the studies reported in this paper, F3 data have been used 
fre(iuently. The possibility of obtaining coupling phases from F2 and 
F3 segi’egations when the F^ 3 to 1 ratios can be separated into 1:2:1 
ratios by the use of F3 data is discussed in this paper. When one or 
other of the factor ])airs can be segregated into lliree classes where a 
single-fa<*tor difference determines the character difference, a 1:2:1 
ratio may be obtained and bv proper grouping of the heterozygous 
<*lass with one or the other of the homozygous (‘lasses, a 3:1 or 1 :3 
ratio may be obtained and a coupling phase in the Fo used for the deter- 
mination of linkage. This method cuts dowm the error, since the 
small double recessive group obtained in the repulsion phase of linkage 
is combined with the heterozygous individuals in the coupling phase 
and the loss of a few^ individuals of this class has less influem’e on the 
linkage determinations when in the coupling phase. An example of 
this type of classification with the same data is given in Tables 18 and 
10, where the interrelationship of 2 row' versus non 2 row and green 
versus chlorina {Fj) is studied. 

SUMMARY 

111 this paper the inheritan<‘e of the following (character pairs is 
explained on a simple Mendelian basis: (Ireen versus ciilorina seed- 
lings {Fj) in Minnesota 84-7; green versus viresceiit seedlings (Yy) 
in Minnesota 72 8; blue versus non blue aJeurone {BJ hi). 

A 2-factor difference w’as found to explain the difference betweim 
rough and smooth awns. A 12:3:1 ratio of rough, intermediate- 
smooth, and smooth-awnied ])lants w'as found. The symbols Rr /?'/•' 
were used. 

The interrelationship of several botanical characters and (iiioro- 
phyll deficiencies w'as studied, with the following results: 

(1) The factor pair Ff for green versus chlonna seedlings w as found 
to he inherited independently of the factor pairs Afih for green versus 
wiiite seedlings in Trebi, Ata^ for green versus white seedlings in 
Colsess, Fcfc for green versus chlorina seedlings in Colsess, Sn for 
long versus short haired rachilla, and Kk for hoods versus a\vns. 

(2) The factor pair AVc for gi-ecn versus xantha seedlings in 
Colsess was found to be inherited independently of the factor pairs 
Yy for green versus virescent seedlings in Minnesota 72-8 and Bl hi 
for nonblue versus blue aleurone. 

The factor pair Bl bl for blue versus nonblue aleurone w’^as found 
to be inherited independently of the factor pair Sa for long-haired 
versus short-haired rachilla. 
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The factor pair Bh for black versus white glumes was inherited 
independently of the factor pairs Rr R*r^ for rough versus smooth awn 
and Qg O'g' 0^'g" for branched versus unbranched style. The factor 
pair Ss for long versus short haired rachilla seemed to be inherited 
mdependentlv of the factors for branched and unbranched style. 
This was explained on the hypothesis that the factors may be located 
at the extreme ends of the chromosome, 
linkage was found between the following factor pairs: 

(1) for green versus chlorina seedlings and Vv for non 6-rowed 
versus 6-rowed. A crossover value of 18.3 ± 0.74 per cent was found. 

(2) Ffc for green versus chlorina seedlings in Colsess and Fc?/« for 
green versus virescent seedlings in Coast. A crossover value of 29.3 
per cent was found. 

(3) Bl hi for blue versus nonblue aleuronc and Kk for hoods versus 
awns. The crossover value was 22.58 per cent ± 0.82. 

(4) Ss for long-haired versus short-haired rachilla and Rr the main 
factor pair for rouglmess of awn. The crossover percentage was 34.63 . 

(5) There was also an indication of possible linkage between the 
rough-awn factor pair and some of the factors for branched and 
unbranched style. 
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A PHOTOGRAPHIC LIGHT BOX FOR USE IN AGRICUL- 
TURAL RESEARCH ^ 


By A. B. Groves 

AsHuiani Plant Pathologist, Department of Botany and Plant Pathology, Virginia 
Agricvitural Experiment Station 

INTRODUCTION 

The difficulty experienced in attempts to obtain a constant and 
always uniform source of light for photographing diseased fruits and 
similar specimens led the writer to devise a more satisfactoiy method 
of illumination. The result of considerable experimenting was the 
production of a light box which has proved to be most satisfactory 
for its purpose, and its use has resulted in the saving of considerable 
time and material, as well as in obtaining better results than had been 
possible before. This light box has also proved to be useful in lantern- 
slide production, natural-color photography, and in low-power photo- 
micrographic work w^here upper-field illumination is desired. 

APPARATUS 

The illuminating device as designed for use with a Leitz vertical 
camera (pi. 1, A) consists essentially of a box, square at the top and 
rectangular at the base, with the lower portion of tw'o sides extended 
3 inches at one end to make this part of the box project beyond the 
square upper part. The box is provided with a removable toppiece 
carrying a shielded aperture for the camera lens. The upper section 
of the box carries four 50-watt light bulbs which serve as a source of 
upper illumination, while two bulbs of equal size at the bottom of the 
box provide illumination from beneath the subject. The projecting 
right end of the box is hinged to provide ready access to the interior 
of the apparatus so that the specimen-supporting fixtures may be 
manipulated and the specimens arranged during the focusing process. 
Four grooves are cut into the inside faces of each of the two large 
sides of the box, and the specimen-supporting fixtures are carried m 
these grooves. These four grooves make it possible to adjust the 
distance of the subject from the lens and thus obtedn a suitable mag- 
nification without moving the lens more than a slight amount, if at 
all. This is important, as the field becomes restricted if the lens is 
moved any considerable distance upward. The lights are controlled 
by three switches, one line switch m the cord a short distance from 
the box and two tumbler switches attached to the outside of the box. 
The upper switch controls the four bulbs on the upper circuit, and 
the lower switch controls the lower two bulbs. The line switch is 
used to control the lights while a plate is being exposed, the other 
two being manipulate only when the line switch is off. This pre- 
caution is necessary to prevent any vibration of the subject while it 
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is being photographed. Three pieces of accessory apparatus (pi. 1, D) 
are used to support the objects to be photographed; two of these are 
used when a photo^aph with either a white or gray background is 
desired, and the third is used only when a completely black back- 
ground is wanted. The first of these is a 4-sided reflector apparatus 
(6) which carries a sheet of flashed opal glass at its base and a second 
sheet of frosted glass over this. The flashed opal glass serves to give 
satisfactory diffusion of the light from below, but because of its smooth 
surface it must be covered with a sheet of frosted glass to eliminate 
objectionable glare from the lights. The second equipment is used 
when larger obmets are to be photo^aphed, or when lantern slides are 
to be made. This equipment conskts of two lai*ge sheets of flashed 
opal and frosted glass (b) cut to fit directly into the gi^ooves in the sides 
of the box. It is not dtogether necessary to use the tray at any time, 
as these two large sheets of glass may be employed for the same pur- 
poses for which the tray is used. The greater convenience of the tray, 
together with some advantage in illuminating the sides of deep speci- 
mens, seems, however, to make its use desirable. A deep, black- 
velvet-lined box which fits directly into the side grooves serves as a 
support when a black backgi-oiind is desired. 

METHOD OF OPERATION 

All of the more common types of photographic i)lates have been 
used with the apparatus, but the ones most generally satisfactory 
have been those with panchromatic emulsions. Orthochroma tic 
plates also give good results, but require several times the exposure 
necessary for panchromatic plates. The process panchromatic plate 
is also quite useful wheye it is desired to accentuate the contrast. 
Filters have not been used as much as with daylight, but it has ])een 
found that the Wratten K 2 and K 3 filtei's give no appreciable cor- 
rection. Difficulty was experienced in obtaining the desired contrasts 
with such sul)ject8 as apple and peach leaves and fruits showing spray- 
injured or diseased regions in which the necrotic or chlorotic areas 
were light brown, red, or yellow. The use of the proper filter as 
deteimmed by observation of the object through a filter test chart 
resulted in securing satisfactory photographs. The Wratten A, B, 
and G filters are used where it is desired to obtain clear definition with 
such objects having slight contrasts between greens, reds, brown, and 
yellow. 

The 100-mm lens is used for practically all the work, as it will 
cover a 5 by 7 inch plate at the distance it must work from the objects 
in the box. This lens gives natural-size reproduction as well as a 
certain degree of enlargement or reduction. The shorter focal-length 
lenses will not cover as large a field in the necessary working range. 

PHOTOGRAPHING WITH A WHITE BACKGROUND 

The white backgmimd, as used with the apple target-spot material 
illustrated (pi. 2, B), is the most generally satisfactory and the most 
commonly used. It may be employed with any opaque or nearly 
opaque object, such as fruits, twip, leaves, tubers, roots, and similar 
specim^s, unless they are very light colored. The object to be pho- 
tographed is placed directly on the frosted glass (pi. 1, B), which may 
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PLATE 1 



Photographic light box and accossorios. A, Photographic light box in position, showing manner 
of fitting vertical camera support and the switch arrangement; B, interior view of box show- 
ing the manner of placing specimens for photographing; C, interior view of light box, showing 
the arrangement of light bulbs; I), accessories for use w'itb light box; the masks for making 
lantern slides are shown in a, w'hile the velvet-lined box, the relleotor tray, and the pieces of 
flashed opal and frosted glass appear in b 


Photoerai^s made with the aid of the light box, lllustratiug the different t}*pes of background 
obtainable, and also showing the possibilities of the light box in photomicrography. A. Lepiota 
•naueim on black background; B, target canker on apple twigs, white background; C, spray 
injury on apple, gray background; D, young larva of Cydia pomonella. D is X 26 
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be either the one used in the reflector tray or the large glass. The 
flashed opal glass must be placed beneath the frosted glass to obtain 
even illumination from below. The upper, or both the upper and 
lower, lights are switched on and the arranging of the specimens and 
the focusing of the camera completed. A diaphram aperture of 
approximatdy f. 48 is usually used for the exposure. The lights are 
sA^atched off, the plate holder inserted, and the protecting slide with- 
drawn. The lower switch is set at ‘^on,^’ the upper one at ^'off,” 
and the line switch turned on for approximatdy two seconds, provided 
a panchromatic plate without a Alter is used. The line switch is then 
turned off, the upper switch also set at ^^on,'’ and a second exposure 
with both sots of lights for approximately one second is given. This 
completes the exposure. Opaque olijects, or those nearly so, may be 
silhouetted with the lower lights and a small lens diaphram, insuring 
a satisfactory white background as well as destroying any backjp’ound 
shadows. \Vith many objects it is not necessary to use the additional 
background exposure. In such cases both sets of lights are used 
together for the single exposure. The periods of exposure vary but 
little, and consequently after they have once been detennined for a 
(‘ertain plate and developer, a high percentage of satisfactoiy^ plates 
may bo expected. 

PHOTOGRAPIIINCJ WITH A GRAY BACKGROUND 

light to imdium gray backgrounds may be produ(‘ed by inserting 
a sheet of transparent red paper between the frosted and flashed opal 
glasses and proceeding in about the same manner as for a white back- 
ground. A medium-gray background may bo obtained with the use 
of tlu* upper set of lights onlv; the use of the lower set of lights for 
varying ])eriods will produce lighter-gray backgrounds. The red paper 
used in wra])ping film pairks ami other photographic materials is quite 
satisfactory. The dark-gray backgrouml, as used in photographing 
the apple injured by summer-oil spraying (pi. 2, C), was satisfactorih’ 
pro<luccd by inserting a sheet of black paper between the two sheets of 
glass and using only the upper set of lights. The rough surface of the 
glass will reflect sufficient light to give a gray background, and at the 
same time no photographic impression of the paper will be obtained as 
would be the case if the subject were placed directly upon the paper. 
The gray background is most useful with objects which contain con- 
siderable contrast, making either the white or black backgrounds some- 
w'hat unsatisfactoiy. 

PHOTOGRAPHING WITH A BIACK BACKGROUND 

Completely black backgrounds are desirable only when sharp con- 
trast is desired, as was the case with the mushroom, Lepiota naucina. 
(PI. 2, A.) Such a background is obtained by the use of the box 
lined with black velvet. The subject to be photographed may be 
placed directly upon the bottom of the box, or upon some small sup- 
port which is covered by the object itself. Care must be taken to 
remove all lint and light^colored particles from the surface of the vel- 
vet. The upper set of lights are used alone and the usual exposure* 
given. If these precautions are obse^ed an even black background, 
free from evidences of the support, will be obtained. 



470 


Journal of Agricult ural Research 


Vol. 44, No. 5 


NATURAIr-COLOR PHOTOGRAPHY 

The Autochrome or Agfa color plates may be used with the light 
box for taking photographs in natural colors. The writer has not 
foimd it necessary to use a filter, the light from the vacuum bulbs 
producing very satisfactory results without correction. Nitrogen- 
filled timgsten" bulbs would no doubt be desirable if a great deal of 
this kind of work were to be done. The period of exposure ranges 
from 20 seconds to over a minute, depending upon the density of plate 
desired. 

LANTERN-SLIDE PRODUCTION 

The light box may be used in making lantern slides fiom plates not 
larger than 5 by 7 mches in size. For this pur|) 08 e a sheet of black 
cover-stock paper is out to the size of the large pieces of glass and a 
correctly centered section slightly smaller than the plate with which 
it is to be used is cut from the sheet. (PI. 1, D, a.) The section re- 
moved must be centered beneath the camera lens. This paper mask 
is placed between the two large sheets of glass, the three are then slid 
into two of the parallel g:rooves which rim horizontally between the 
upper and lower sets of hght bulbs (pi. 1, B and C), and the negative 
placed over the aperture in the paper. The lower lights are switched 
on and focusing completed, after which the exposure is made in the 
usual manner. 

PHOTOMICROGRAPHIC ILLUMINATION 

The light box may be used quite successfully for upper-field illu- 
mination in low-power photomicrographic work (pi. 2, D) when other 
and more convenient methods are not available. To use the box for 
this purpose, the lower bulbs are removed and the microscope is 
placed on the bottom of the box and centered. The tube should be 
extended to the proper length and the top of the box replaced. The 
microscope may be too low, in which case it may be raised by placing 
as many sheets of cardboard beneath it as are necessary to raise it to 
the desired height. The camera is then fitted to the microscope as 
usual, the upper lights turned on, and the microscope focused. It is 
necessary under these circumstances to manipulate the microscope 
controls through the open door of the box. An exposure of approxi- 
mately 30 seconds is required at a magnification of 25 diameters. 
The hght box illuminates the field evenly aud produces no shadows, 
shading of the field being necessary if some shadows are desired with 
light objects showing little contrast. 

CONSTRUCTION AND FITTING OF THE BOX 

The light box is not difficult to construct, and may be made by any 
woodworking or cabinet shop. The total cost, including labor and 
materials, should not exceed $20 or $25. 

Three-quarter^inch white-pine lumber is used in the construction 
of the box. This makes a veiy substantial piece of equipment and 
allows sufficient thickness to cut the wirmg and ^ide grooves. 
Detailed drawings of all the parts of the box are given in Figures 1-3. 
The drawings and measurements are based on butt-end construction, 
although mitered construction may be used if preferred. The %-mch, 
grooves at the top and bottom of the individual pieces, together with 
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the connecting groove in the left end, are designed to hold the wiring 
system, which is completely covered in the finished box. These 
grooves fit together to make continuous channels when the pieces are 
assembled. The four )4-inch grooves in each of the two sidepieces are 
for holding the accessory fittings, as has been previously mentioned. 

The back, front, and left sidepieces are nailed to the bottom through 
the sides, as the bottom fits inside the box and even with the lower 




edges of the side and end pieces. The upper piece of the right-end 
assembly is nailed across the upper inset of the two sidepieces. The 
other two right sidepieces are nailed together as illustrated in Figure 
2, B, to form the door of the box. This door is hinged to the side 
away from the operator, or to the sidepiece designed to fit up against 
the upright support of the camera. It should be mentioned here that 
it will be necessary to cut a groove in the outside face of the sidepiece 




472 


Jmrnal of Agricvltural Research 


Vol.44, No. 5 


fitting gainst the camera support in order to center the camera prop* 
erly. This groove extends upward from the apex of the triangular 
cut in the bottom of the sidepiece, but this groove has not been illus- 
trated as the fitting will have to be made to the individual camera. 
(PI. 1, A.) The small % by by inch piece is nailed across the 
right end to the bottom piece and extends the bottom out even with 
the outer edge of the door. When assembled, the inside dimensions 


11 ^ 



FroURE 2.— Detailed drawings showing the dimensions and wnstruclion of certain parts of the 
photographic light box: A, Right side; B, detail of right-side construction: (\ cross section of the 
reflector; D, blaok-hackground box; E, reflector tray 


of the box arc 10 bjr 10 inches at the top and 10 by 13 inches at the 
bottom. The outside dimensions are 11}^ by 14^ inches. The top- 
piece is 11 inches square, having a section 4Jii by inches out from 
tile canter. A square tube constructed of Ji-inch plywood is fitM in 
holf in tihe top so that it projects 2% inches below the lower surface 
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and 1 inch above the upper surface of the toppiece. Three-quarter- 
inch (juarter-round molding is fitted around the top of the tube to 
brace it and give the top a finished appearance. The lower side of the 
toppiece is fitted with a flange made of triangular stock 1% inches on 
each of two sides. (PI. 1 , C.\ and fig. 3, B.) This piece holds the top 



Fiuurk 3.— Detailed dravriniR; show ini; the dimeiisious and construction of certain parts of the 
photopaphic light box, and the arrangement of the light bulb.s: C'ross-sectional view of the 

top; II, toppiece with upper side shown at a and lower side at b; diagram of wiring in which 
H .stands for bulb and S for switch 

ill position and also serves as a reflector above and back of the bulbs. 
The toppiece should not fit too tightly or it may bind after painting. 

The box is wired with double-strand insulated wire, which is placed 
around in the wiring grooves in tiie box and secured with insulated 
staples. A loop of wire should be left about 1 inch from each comer 
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and at the ends of the two lower grooves for later attachment to the 
light sockets. A single loop is pulled through the upper and lower 
holes in the left end piece for attachment to the two circuit sM^itches. 
A double loop is pulled through the center hole to be attached to the 
rosette to which the lead-in wire is attached. After the wiring has 
been completed, but before any fixtures have been attached, the wir- 
ing grooves are filled with plastic wood material and this allow’^ed to 
dry thoroughly and harden. The small irregularities remaining are 
then smoothed over with a thin paste of plaster of Paris and after this 
has dried and again been smoothed down, the box is ready to be 
painted. After painting, open-bottom receptacles are fitted at the 
bulb locations and the wiring brought up through them and attached 
to the keyless sockets. This assembly of bottom-wired receptacles 
and keyless sockets places the filaments of the bulbs at approximately 
the centers of the sides. The switches, rosette, and hinges are also 
attached after painting has been completed. The arrangement of the 
bulbs and switches is shown in Plate 1, A and C. The wiring diagram 
is given in Figure 3, C. 

The interior of the box is painted white, as is the reflector tray. 
Lacquer has proved to be better than enamel for this purpose. The 
interior of the square lens-receiving tube or aperture* is lined with 
black velvet, although dull black paint should be satisfactoiy. 

The reflector tray is made of }i-mch plywood, as is the black back- 
ground box. The reflector tray is constructed with sloping sides, 
the dimensions at the top being 9% by inches and 7% by 7y> inches 
at the bottom. The tray has no other bottom than the two pieces 
of glass wWch serve as a transparent base. The two pieces of glass 
are out 8 inches square, thus fitting near the bottom of the tray. 
The tray is fitted with p^;ojecting tongues on two sides (fig. 2, C arid 
E) to fit into the side grooves. The black background box is a plain 
open-top box 9% inches square and 3 inches deep (fig. 2, D) with the 
bottom edge projecting a short distance on each of two sides in order 
to engage in the grooves in the box. The interior of the box is lined 
with a good grade of black velvet. This box may also be used (^uite 
satisfactorily outside the box. The two large pieces of frosted and 
flashed opal glass are each cut lOKe by 13 inches in size. 

The light box as described is designed to operate with the Leitz 
vertical camera, although the design may be readily adapted to other 
cameras. The principal precautions to observe are to see that the 
over-all height of the box is not greater than the heiglit to which the 
lower end of the camera rail can be raised, and to determine the 
largest size box that can be centered beneath the camera. 

SUMMARY 

The light box described in this paper has proved very satisfactory 
as a source of illumination for photographing diseas^ fruits and 
similar specimens. It provides a simple and mexpensive means by 
which shadows, high lights, and cross lights can be eliminated and 
at the same time enable tJie operator to secure the color of back- 
ground that is best suited for the object to be photographed. 

Since the illumination comes entirely from artifiem sources, day- 
light being excluded, the light is always uniform. This makes it 
possible for one to do photographic work at any time of day or at 
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night, and so long as other factore are kept the same the period of 
exposure for best results will not vary appreciably. This results in 
a CTeat saving in time and photographic supplies. 

In addition to being of use in ordinary indoor photography, the 
box may be used for making lantern slides and in low-power photo- 
micrographic work. The construction of the box, together with its 
method of operation, is described in detail. 
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THE INHERITANCE OF THE WHITE BURLEY CHAR- 
ACTER IN TOBACCO^ 


By P. 8 . Henika » 

Research Assistant in Horticulture ^ Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Progress in the development of improved strains of tobacco is 
limited by a lack of exact knowledge relative to the inheritance of 
specific characters which make up the varietal complex. In the case 
of the White Burley variety, the basic character is an apparent reduc- 
tion in chlorophyll, which renders it economically important. Any 
attempt, therefore, at the improvement of this variety by hybridiza- 
tion must take into account the inheritance of this character. The 
present study was, in part, prompted by this consideration; for, 
although WTiite Burley tobacco has been the subject of some genetic 
investigation in the past, the inheritance of the ‘‘white'' character 
has remained obscure. 

White Burley tobacco originated in 1865, presumably as a mutation 
from the green-colored variety I-ittle Burley (Mathewson ( 10 )).^ 
In appearance, White Burley seedlings are characteristically somewhat 
lighter green in color than seedlings of green varieties. The stems of 
White Burley seedlings in particular are cleip white and have a glossy 
appearance in contrast to the dull greenish-white stems of green varieties. 

For a few weeks after the seedlings arc transplanted, under good 
growing conditions the color difference between White Burley and 
green ^ varieties becomes less distinct, especially while the plants are 
growing rapidly. With the approach of maturity, however, White 
Burley tobacco loses much of its green color, particularly in the lower 
leaves and in the stem. If the usual commercial practice is followed, 
and the plants are topped by breaking off the stem several nodes 
below the seed head, the loss of chlorophyll in white Burley plants is 
increased, and within a short time the plants become light yellow in 
color. Except for a slight mottling of the leaves as they ripen, green 
varieties retain their color under this treatment. 


REVIEW OF LITERATURE 


A survey of the literature reveals that in almost eyer^ plant genus 
which has "been subjected to intensive genetical investiga tion, hentable 
chlorophyll deficiencies have been reported, and in man y cases a 
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satisfactory genetic analysis has been made. In the genus Nicotiana 
four cases may be cited. 

Lodewijks (5) report^ the occurrence and behavior of certain 
‘^aurea” forms of Isicoiiana tahacum which originated as mutations 
in his experimental fields at Klaten, Java, in 1908 and 3 900. Two self- 
pollinated aurea plants gave rise to two aurea groups, similar in 
appearance but apparently distinct in genetic behavior. Several self- 
pollinated generations of group 1 aureas yielded 75 per cent aurea and 
25 per cent green. Aureas of gioup 2, however, yielded 35 per cent 
aurea and 65 per cent green. Keciprocal crosses between the aureas 
and the green types made bv Ix>dewijks gave the following results: 
In group 1, aurea X green yielded 83 per cent aurea in Fi, and the 
reciprocal cross, green X aurea, 48 per cent aurea. For gioup 2, 
crosses with aurea as the female parent gave in Fi 48 per cent aure^i. 
and green X aurea gave 43 per cent aurea. 

Since he was unable to establish true breeding aureas of either group, 
Ixidewijks concluded that his aureas, like certain of Baur’s Antir- 
rhinums {2), existed only in the hybrid fonri. 

Lubimenko and Palamartchoiick (P) studied the different amounts 
of chlorophyll present in certain Russian and American varieties of 
Nicotiana tahacum as detennined by chemi(‘al analysis. Data for th<' 
parents and the Fi of a series of ciosses were reported, but no attempt 
was made at factorial analysis in Fa. 

Allard (Jf) studied an aurea form of Nicoimna rmtica. In crosses 
with the green form of this species he found that the aurea form be- 
haved as a simple Mendelian recessive. 

Kajanus (5), working in Sweden, reported the results of crossing 
White Burley tobacco obtained from Vir^ia, with a green variety 
native to the Netherlands. The Fi of this cross was green, like the 
green parent, and in Fj'the following distribution was obtained: 

Oreen White 

Observed 6; 037 229 

Expected (15 ; 1) 4, 937 329 100 ± 11. 85 » 

In the Fa generation, although numerical ratios are not given ^ constant 
green, constant white, and segregating families w^ere obtained with 
the truebreeding green progenies constituting the majority. 

In the first three cases cited, the chloroj^yll-deficient characters 
under consideration can not be regarded as being identical with the 
White Burley character, although they are apparently similar in 
appearance. The aurea character of Lodewijks is, in fact, quite differ- 
ent since it behaved as a dominant and upon self-pollination gave rise 
to piogenies segregating for aurea and green. 

The aurea character reported b^ Allard (f , p. 234) hi Nicotiana 
rmtica is essentiaUy similar to White Burley in appearance but is a 
monohybrid and in a different species. The crosses of Lubimenko and 
Palamartchoiick were not carried through the second generation and 
consequently do not show the number of genetic factors involved. 

Only the paper of Kajanus deals with the White Burley character. 
Since his Wmte Burley variety was obtained from Virginia, it may be 
safely considered as belonging to the same chlorophyll-deficient 
group^ as the varieties used in the present investigation. The evidence 
of a simple dihybrid relationship oetween the green and white varie- 
ty used by Kajanus is, however, not conclusive. 

* Apidieatiop of protebte orror made by the writer from Kajanus* data. 
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MATERIALS AND METHODS 

Dr. Janies Johnson laid the foundation for the present investigation 
in 1916 while engaged in tobacco investigations at the Wisconsin 
Agricultural Experiuiont Station. Jn the coni*se of studies on the 
inheritance of disease resistance in tobacco he (J) crossed a nuniber of 
green lines with pure lines of White Burley. I n subscMjuen t generations 
from these crosses segregation for color of jilant was observed and 
recorded so that by 1928, when the writer became interested in this 
material, a substantial body of data dealing with the inheritance of 
the chlorophyll deficienc}^ had been accumulated. 

VARIETIES USED 

The majority of Johnson ’s observations were made on progenies of 
the cioss Little Dutch X White Burley, strain Judy^s Pride. Since 
seed of the Fi, Fo, and F 3 generations from this cro.ss were available 
as well as seed of the Fi backemssed to White Burley, it seemed ad- 
visable to use this material in the further analysis of the White Burley 
character. JJttle Dutch, the green parent in this cross, is an Ohio 
strain growm for cigar-filler tobacco in that State. 

Judy’s Pride is a typical strain of stand-up AVhitc' Burley toba<‘co 
such as is grown extensively in Kentucky. Ihider optimum conditions 
if makes a very vigorous growth. 

Other green and white crosses made during thc^ course of the 
investigation involved the following pure-line varieties: SB9AAX, a 
stand-iip White Burley strain resistant to black root rot; Havana 142, 
a green line of cigar-tinder tobacco extensively grown in Wisconsin; 
Xanthia, a green Turkish strain with small oval leaves; 180A31, a 
green strain of cigar-binder tobacco; and Wliite Burley, strain Judy’s 
Pride. 

FIELD METHODS 

In general, the ])roccdure in these earlier investigations was that 
(Huninon to commercial tobacco growing in Wisconsin. Seed was 
sown in steam-sterilized seed beds early in April, and the seedlings 
transplanted to the field in June. No conscious selection was exerted 
in the choosing of plants from the seed bed except as in commercial 
practice — that is, the earliest plants, and therefore usually the largest 
plants of an even size, w-ere taken. Counts on segregating progenies 
w^erc made after topping, when the phenotypic difference between 
genetically green and genetically w*hite individuals Avas greatest. 
In some cases the plants left in the seed beds w^ere permitted to grow' 
until tliey could be classified ; in certain other cases, after field planting 
the majority of plants w-ere removed from the seed bed and discard(^d, 
permitting those remaining to grow until their character could be 
determined. 

METHODS USED IN GREENHOUSE TESTS 

With the field method the size of populations w'as limited by 
available land and by facilities for culture ; consequently other methods 
for the study of the white character in larger numbers were sought. 

Early in 1929 a method was devised for the identification of the 
chlorophyll deficiency in the seedling stage in the greenhouse. It was 
found that pure-line green and pure-line White Burley plants gave a 
different reaction to a period of total darkness at high temperature. 
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The chlorophyll-deficient character of White Burley seedlings was 
markedly accentuated by the treatment, whereas pure-line green 
seedlings were only slightly affected. Experiments with both pure- 
line and segregating material led to the adoption of a standard 
etiolation period of seven days at a temperature of 90° F. for seedlings 
approximately 4 inches in height. 

TTie effectiveness of the etiolation period was governed, apparently, 
by two factors — temperature and the physiological state of the plants 
as evidenced by their rate of growth. At temperatures of 50° to 60° 
F., 14 or 15 days of total darkness were required to etiolate White 
Burley seedlings completely, as compared with 7 days at 90°. Further- 
more, plants not in a state of rapid growth were much less uniform 



Figure 1.<»A typical flat of seedlings after etiolation; progeny 63~22cf XW. B.9 green, M white 

in their reaction to the etiolation. For this reason, during the darker 
winter months of December and January, artificial light was used to 
prolong the daily growing period. 

The accuracy of this method was thoroughly checked by experiment 
with pure green and pure white lines in the greenhouse. In the 
summer of 1929 a quantity of material that had been classified by 
the etiolation method was transplanted to the field. Reclassification 
of this material under field conditions showed that no errors had 
been made. 



for SO minutes at 98° to 100° and seedlings were transplanted to 
unsterilized composted soil when about 1 inch in height, and grown 
, to"[suSicient size for etiolation. Figure 1 shows a typical flat of seed* 
lings of a bfusfe-Grossed progeny after etiiolation. 
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INTERPRETATION OF EXPERIMENTAL RESULTS 

In the interpretation of experimental results, probable errors and 
the X* test for goodness of fit as outlined by Kirk and Immer {6) were 
employed. 

Probable errors were taken from tables based on standard formulae; 
and values of x^ were taken from tables by Fisher (5). 

FIELD RESULTS WITH LITTLE DUTCH X WHITE BURLEY 

The data presented in Table 1 were brought together from the 
field notebooks of Doctor Johnson late in 1928. A small field planting 
of certain segregating progenies from cross 63 had been made by the 
writer during the summer of the same year. The results of this 
planting and the field results of the F 2 population planted in 1929 are 
included in these totals for the sake of completeness.® 

Table 1 presents a summary of field segregation in F 2 and F 3 of 
Little Dutch X White Burley and in the back cross of the green Fj 
to recessive White Burley. Inspection of the data listed reveals a 
rather poor fit on the basis of dihybrid segregation. There is in every 
case a deficiency of recessives considerably greater than ordinarily 
expected. Furthermore among the 20 progenies that make up the 
totals in Table 1 , all but 3 were in turn recessive-deficient. In addi- 
tion to the segregating F 3 families a number of true-breeding green 
and true-breeding white F 3 progenies were recovered by Johnson. 

Tahle 1. — Field counts on Little Dutch X White Hurley (cross f!S), 10^8 


Designation , : 

(Ireon 

■ 

I*lanfs 

Ratio 

White ! 

. Dev. 

Deviation ; jry 

Number. Number \ 

Number 

Per cent 


mVt ; 4 4.371 ! 

107 

3.7 15:1 

~ 116 . 6 ± 11.0 10.0 

63Fj 8 1,732 i 

82 

5.0 15:1 

~22.0± 7.0 3.1 

63Fi, ; 2 377 i 

78 

17.3 3;1 

-.Vi. 0± 6. 2 ' 5. « 1 

OSFiXWB 1 « ; 7Vii 1 

185 

18.8 3:1 

-48.9*8.1 5.4 1 


In general, two interpretations may be made of data of this char- 
acter: (1) Inheritance may be of a simple Mendelian nature, and en- 
vironmental factors may he considered as responsible for the elimina- 
tion of recessives at some early stage; or (2) inheritance may be more 
complex, involving modifying factors and possibly linkage." 

Attempts were made to check the recessive-deficient ratios observed 
by classifying the plants remaining in the seed beds at the con- 
clusion of field planting to determine if selection based on a differential 
growth rate of green and white seedlings could be responsible for the 
deficiencies. In cases in which sufficient plants remained to yield a 
significant tally, ratios closely approximating those observed in field 
planting were obtained. 

Examination of F 2 results and the data from the back-crossed Fi 
generation disclosed no evidence of difference in reciprocal crosses, 
which rules out any hypothesis assuming differential pollen-tube 
growth. 

• Typed copios of the data from which summary tables appearing in this manuscript were taken are 
available for inspection. 
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GREENHOUSE TESTS OF F* POPULATIONS 

With the development of the greenhouse te(dmi<‘ for the identifieu- 
tion of the White Burley character in the seedling stage, the 1929 
growing season was devoted to the production of suitable progenies 
for greenhouse analj’^sis. A large planting of 63ZZZF3 was made 
from which some 250 green plants were selected at random and self- 
pollinated. Over 100 of these selections were also back crossed to 
pure-line White Burley to pn>vide an additional check on their 
genetic constitution. 

In addition Fi plants from the cross 63ZZZ were self-pollinated 
and back ci*ossed to White Burley. 

In Table 2 are summarized the results of the greenhouse analysis 
of 12 F2 families, 10 of which were obtained from self-pollinated plants 
of 63ZZZFi. Of the 12 populations investigated, 10 were recessive 
deficient on the basis of 15: 1 segregation, and in 4 of these cases the 
extent of the deviations was well beyond the limits of variability 
expected m random sampling. In the total of these populations 
involving more than 18,000 plants, the cumulative nature of recessive 
deficiencies in individual populations is apparent. 

Table 2. — Greenhouse counts on lAttle Dutch X White Hurley (cross ffS) and 
other green X white crosses; segregation in the Fi generation 



j 


Plants ' 


I>PV. 

IDesigim* 

Prog- ' 



Devintion from 


enies | 

(Jreeu 

White 

15:1 ratio 

P. K. 


; 

\Nutnber\ 

Number 

Number Per cent 



fiSFs ! 

i 12 1 

17..'j«3 

948 i 5.1 

‘•210. 8:i:22. 2 

9. 5 

224Fj 

2 

J,397 

78 i 5.3 

~14.2=t 0.3 

2.3 

mF2 ; 

i 4 ' 

. 1,«8U 

85 i 4. 8 

-25. 3± 0. H 

3. 7 

i. . . ' 

■ 2 . 

921 

50 i 5.1 ' 

i 

-10. 7± 5.1 

2.1 


F2 distributions from three other gi’een by white crosses aie also 
shown in Table 2. Although the magnitude of the deviations froni 
expectation in these populations is not large, the deviations are all in 
the same direction, as in cross 63. 

The results of a small field planting of these F2S, for which data is 
not presented, further indicate that the factorial situation in the 
parents involved is similar to that in the Little Dutch X White Burley 
cross. 

EVIDENCE FROM THE F3 GENERATION 

Greenhouse tests of 108 F3 progenies from cross 03 resulted in the 
distribution with regard to segregating and nonsegregating families 
shown in Table 3. 


1‘ablb 3. — Greenhouse counts on JOS Fz progenies from cross 6S 


Katio 

' All green 

15 green: 

1 white j 

3 green: 

1 white 

Observed ; 

53 

81 1 
88.8 

84 

88.8 

Expected, on basis of dihybrid segregation 

50.4 
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The agreejneiit between observed and expected results iji the dis- 
tribution is excellent. This progeny test, involving the green 
segi*egate8 only, provides strong evidence of the dihybrid nature of 
the material. The F3 tests are summarized in Table 4. Data for the 
greenhouse counts on the 53 nonsegregating F3 families totaling over 
24,600 plants are not included. 


Tablk 4 . — (ireenhouse counts on Little Dutch X While Hurley (cross 6*5), the Fa 
progenies segregating for one and for two factors 


; Desig- 
! imtioii 


! Plants 

Prog- 1 

enies i 

1 Oreen While 

! ! 


! Ratio 


03 Ks 


'Number\ Number Number Per cent 
f ;n 19,077 1,105 5.3 

I Zi 1 13,139 3.470 20.9 


15:1 

3:1 


Deviation 


I Dev. 
P. K. 


-iy:4.9±2:i.5 s.3 

-677. 8±37. 0 IK. 0 


Examination of the F3 families segregating for two factoi*s revealed 
that 26 of the total 31 progenies were recessive deficient. Among 
these individual progenies the extent of the recessive deficiencies was 
not great since only two progenies had deviations as large as three 
times their respective probable eiToi*s. Furthermore, in but two of 
the five families showing an excess of white segregates were the 
numbers suffi(‘iently large to merit individual consideration. For 
the behavior of these two, 63-57 and 63-78, no good explanation 
can be advanced. It was noticed, however, in comparing the F3 
families wuth the results of back crosses of the parental F2 that the 
back cross of the green F2 plants in both of these cases gave popula- 
tions deficient in recessives. 

Additional evidences of the cumulative nature of the recessive 
deficiencies was supplied by the F3 families segregating approxi- 
mately 3 green : 1 white, also summarized in Table 4. Tw^enty-one 
of the 23 families tested w^ere recessive deficient, and all progenies 
involving more than 600 plants showed deficiencies greater than 
three times their respective probable errors. On the basis of probable 
errors one might conclude that larger deficiencies occurred in the 
progenies segregating for a single factor than in those segregating 
for two factors. Actually, however, the percentage elimination of 
recessives based on the total number expected in the two cases is 
nearly the same — 16.3 per cent recessive deficiency for the foimer, 
and 15.7 per cent for the latter. 

In the back crosses of the parental ¥2 selections summarized in 
Table 5 the percentage of recessive elimination was considerably less, 
namely, 7.1 per cent for progenies segi-egating 3 green : 1 white, and 
2.2 per cent for those segregating in a 1:1 ratio. Although the 
inference to be drawn from this behavior is not wholly clear, it 
appears that the degree of recessive deficiency is influenced by the 
source of the material. 
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Table 5 . — Greenhouse counts on Little Dutch X White Burley {cross 0S), segre- 
gation in back cross to White Burley of F% green selections whicht on self poUinahony 
yielded Fz progenies segregating for one and for two factors 


DesiKnation 

Prog- 


Plants 


Ratio 

Deviation 

Dev. 

euies 

Green 

White 

P. E. 

esFjXWB 

Number 
f 18 
\ 15 

Number 

5.885 

Number 

1,770 

Per cent 
23.2 

3:1 

1 

-137.0±26.6 

i 

1 5.4 1 

2.706 

2,588 

48.0 

1:1 

-60.0±24.0 

l/M 


INVESTIGATION OF THE CAUSE OF THE RECESSIVE DEFICIENCY 
In an attempt to discover the factors responsible for the recessive 
deficiencies observed, and to determine if possible the stage at which 
recessives were discriminated against, the following investigations 
were undertaken: 

It was thought that certain phases of the greenhouse technic might 
have influence the percentage of whites recovered, particularly the 
discarding of plants remaining in stock flats after transplanting. 
This failure to test all the plants raised in stock fiats was appreciable 
only in the first few months of the greenhouse teats; thereafter effort 
was made to sow a sufficiently small quantity of seed of eacli progeny 
to enable practically all the plants grown to be tested. An analysis 
of the records for certain highly deficient progenies was made by 
separating the first and last half of the populations transplanted from 
stock flats for comparison with regard to the percentage of recessives 
in each half. These data are presented in Table 6 and show no 
evidence of a differential growth rate between dominant green and 
recessive white seedhngs. It is, therefore, reasonable to assume that 
no great error was introduced in the few cases in which the surplus 
sto^ plants were not tested. 

Table 6 . — Greenhouse counts on lAtile Dutch X White Burley {cross 63) y showing 
effect of selection on percentage of whites recovered in successive iransplantings of 
segregating progenies from stock flats 


F3 progenies recessive deficient for 3:1 RATIO j 




Plants 




Proxeny 

Transplant* 




Deviation 

Dev. 

No. 

ed to— 




PiTo. 



Green 

White 




Number 

Number 

Per cent 



63-22 

f Flats 1-8 
t Flats 0-16 

767 

194 

20.2 

-46. 3± 0.1 

5. 1 

774 

186 

10.4 

-54. Orb 0.1 

5.0 

63-24 

; Flats W 

331 

130 

28.2 

14. 7d: 6. 3 

2.8 

i Flats 5^ 

301 

80 

18.5 

-31. Od: 6.4 

4.8 


/ Flats 1-3 

730 

160 

18.8 

-55.8:b 8.8 

6.3 


t Flats 4-4i 

601 

168 

10.6 

-46.8:b 8.6 

5.4 

63-38 

f Flats ]**4 

066 

275 

22.2 

-35. 3±10. a 

3.4 

1 Flats 5-4) 

1. 150 

341 

22.0 

-31.8dtll.3 

.8 

Fa PROGENIES DEFICIENT FOR 15:1 RATIO i 

1 

B63Fa 

/ Flats 1^ 

005 

41 

4.3 

-18.1:bA0 

3.6 

1 Flats 5-8 

024 

40 

4.1 

-30.3dr5.1 

4.0 

B63Fi 

/ Flats 1-3 

707 

28 

3.4 

-28.6±4.7 

5.0 

\ Plats 4-6 

904 

45 

4.7 

-14. 3:4:5. 0 

2.0 

J68Fa 

/ Flats 1-3 

001 

40 

4.3 

-18.83b5.0 

3.8 

1 Flats 4-6 

503 

24 

3.0 

-14.6rfc4. 1 

8.6 

K63Fi 

/ Flats 

013 

42 

4.4 

-17.7db6.1 

8.5 

1 Flats 4-6 

007 

42 

4.4 

~I7.8db8.0 

3.5 
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Attention was next devoted to a series of controlled experiments in 
which counted numbers of seed were used and a special effort was 
made to keep the moisture content of the soil at the optimum for 
germination. Since, in transplanting, only seedlings that had 
attained a certain size were removed from the stock flats at a given 
time, record was kept of successive transplantings to give further 
check on the possibility of a differential growth rate between green 
and white seedlings. 

The results of such an experiment are shown in Table 7. One 
thousand seeds of each of six progenies were sown on greenhouse 
flats, and all plants were tested. The data show no evidence of 
differential growth rate between green and white seedlings. 

Table 7. — Greenhouse counts on Fz^ and back crossed Fi of Little Dutch X White 

Burley {cross 63) 

(Analysis of successive transplaiil in^s from 1,000 seed .sown on stock flats to show elTect of selection in 
tronsplantinR on ftercentoKC of whites ret^overed from segreKatinK progenies] 


j 

' j 'I’rans- 

1 }*roKeiiy No. , pliint- 

1 ! ing No. 

1 i 


Plant.'c 




Greou 

White 

Deviation from ratio 
indicated 

P. K. 

1 

i 

Number 

Number Per cent 




249 

21 

7.H 

4. 1 from 15: 1 

1.5 ; 

‘ <^ri3Fj .. \ 2 

2r>.3 

23 

8.3 

5. 8 from 15:1 

2. 1 

: 1 ^ 

95 

(5 

5.9 

-. 3 from 15: 1 

.2 

; Total 

597 

50 

7. 7 

9.6dr4.2rrom 15:1 

2.3 : 

j (.’(53 Fi X W hile lliir- f 1 

1 ley 1 2 

1(10 

47 

22.7 

-4. 8 from 3:1 

I.l 

27 

5 

15. 6 

-3.0 from 3:1 

1.7 j 

1 Total 

1K7 

52 

21.8 

— 7. 8±4. Sfrom 3:1 

1.7 






18(5 

53 

22.2 

-6. 8 from 3:1 

1.5 > 

(53-24 (Fs)., J 

147 

148 

39 

61 

21.0 

29.2 

-7. 5 from 3:1 

8. 8 from 3:1 

1.9 . 
2.1 ■ 


89 

a. 

24.6 

—.6 from 3:1 

. 1 I 

Total ; 

570 i 

1K2 

24.2 

-6.0i;6.7 from 3:1 ; 

.9 i 

I'l 7"i 

191 ! 

62 

24.5 

—.3 from 3:1 : 

• 1 ; 

63^-26 A 2 ; 

1(51 

59 

26.8 

4.0 from 3:1 i 

.9 1 

;l ; 

43 

14 

24.6 

—.3 from 3:1 s 

.1 ! 

Total i i 

395 

135 

25. 5 

2. 5cb6. 7 from 3:1 > 

.4 

irTi 

m 

'‘"’lir j 

7.1 

2. 4 from 16:1 i 

.9 i 

: 3 

229 

19 

7.7 ' 

3. 5hroml6;1 

1.8 • 

141 

9 , 

6.0 

— . 4 from 16: 1 ' 

.2 : 

A 4 I 

65 

S i 

12.7 

4.1 from 16:1 i 

3. 1 i 

Total i 

687 

A 

7.5 

9. 6:1^4. 5 from 15:1 i 

2.1 : 

if i' i 

175 

18 1 

9.3 ' 

5. 9 from 15:1 : 

2.6 

(53-34 ‘J 2 

m 

235 


9.7 

2.5 

10. 4 from 15: 1 > 
—9. 1 from 15: 1 i 

3,7 ' 
3.6 

i| 3 1 

6 i 

ll 4 

39 

5 : 

11.4 

2. 3 from 15:1 | 

2. 1 ; 

Total ! 

718 

68 < 

7.6 : 

J 

9. 5:ir4. 6 from 16: 1 | 

2.1 ! 

J. , 

j 

1 


In the second part of this experiment, which w'as intended as a 
check on the soil tests, seed was germinated on moist filter paper in 
Petri dishes to give each seed the maximum chance to produce a 
plwt. After 10 days, the very young seedlings were transferred to 
soil by removing the filter paper, placing it on a leveled flat, and 
covering it with a thin layer of finely sifted soil. Since in the second 
week following this transfer many seedlings died, this test can not be 
considered in the light of a check on the same progenies germinated 
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in soil. Nevertheless, tlie data shown in Table 8 ai*e of interest be- 
cause of their close agreement with theoretical expectation for tlie 
ratios involved. In view of the rigorous treatment to which the 
plants were subjected, such a result indicates that recessive elimina- 
tion must be sought for during germination or at some earlier stage 
in the life cycle. 

Table 8 . — Greenhouse coimts on Little Dutch X White Burley (cross 6S), when 
600 seed of each segregating progeny were germinated in Petri dishes and trans- 
ferred to soil 



i 

Plants 

1 



Progeny No. 

1 

1 

. ...J 

I 

Deviation from ratio ' 
imlicaled 1 

P.K. 


1 Green 

1 

j White ] 

j 



\ Number 

! Per efntl 

i 


('63FiXW'hite Burley 

i 86 

28 ! 

24.6 ; 

-0.6d:3.1 from 3:1 

0.2 

63-22 

73 

24 ; 

24.7 ! 

-.3d:2.0 from 3: 1 

.1 

6.3-24 

1 78 

25 ! 

24.3 

- .KdcS.O from 3: 1 

.jj 

63-26 

i 73 

27 i 

27.0 j 

2.0d=2.9 from 3:1 

. 7 

Total 

310 

IIH ! 

25.1 1 

.6db5.9 from 3:1 

. 1 

6:i-2K 

1 56 

4 

6.7 1 

.3±l.3 from 15:1 

M 

63-34 

: 263 


.5.1 i 

-3..3db2.7 from 15: 1 

I'.S 

Total 

! 319 

IH } 

^3 

-3.1dt3.0 from 16:1 

1.0 


THE EFFECT OF THICKNESS OF SOWING 

It seemed possible that the thickness of sowing might be one of 
the factors affecting the percentage of recessives germinating in 
segregating populations. In another experiment, therefore, seed of 
seven back-crossed progenies was sown at thi’ce different rates in 
partitioned greenhouse hats. Germination tests on additional seed 
of these progenies were ryn in Petri dislies, and the resulting seedlings 
were transferred to soil by ^‘flooding off^^ with a fine-tipped wash 
bottle. 

The results of the different rates of sowing in soil are presented in 
Table 9. It will be noted that the total number of plants yielded 
by the sowing on whole flats checks very closely with the total for 
the sowing on one-eighth flats, whereas from comparable seed sown 
on one-quarter flats only about half as many plants were obtained. 
Since the soil in these tests was thoroughly mixed before sterilization, 
this inconsistency is probably due to insuflSdent moisture during the 
crucial stages of germination, in spite of the care taken to prevent 
such an occurrence. 

Table 9. — Greenhouse counts on Little Dutch X White Burley {cross 63) t showing 
effect of thickness of sowing on the green : white ratio obtained with SfiOO seed of 
hack-crossed F 2 selections soivn on different areas 


Designation 

Area 


Plants 


Deviation from 

Dev. 

sown 

Green 

White 

1:1 ratio 


a»r.xwB 1 

Square 

incites 

300 

75 

37.5 

Kamber 

638 

314 

606 

Number 

601 

297 

637 

Per cent 

48.5 

48.6 
51.2 

~18.5d£U.9 
-8.5± 8.3 
15.5±11.0 

1.6 

1.0 

1.3 
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That the peicentages of white segregates were not greatly affected, 
how^cver, is sliown by a conipanson of the totals of each group. TJie 
irregular behavior of the individual progenies wdthin the three groups 
make any statistical interpretation a difficidt procedure. There 
was, however, a slight increase in the percentages of recessives ob- 
tained as the thickness of sowing increased. 

The results of the Petri disli transfers are given in Talde 10. With 
individual back crosses the full quota of recessives has been recovered 
in four cases out of seven, winch is a normal expectation. Although 
seedling mortality in these transfers was again rather liigh, the re- 
sults, in comparison with those of the same progenies germinated in 
soil, indicate that the actual elimination of recessives takes place 
during germination, althougli the effect of the recessive genotype 
may be exerted to some extent earlier in the ontogeny of the seed. 

Tahlk 10 . — Greenhouse counts on Little Dutch X White Burley (cross when 
.500 seed of each hack-crossed F 2 selection were germinated in Petri dishes and 
then tramferred to soil 




. Clunrs 


I’huils 

! 



I’rogeny No. 

tJernii- 

tiutiou 

surviv* 

■ inp = 



1 

Devim ion 
from 1 : 1 

Dev. 

r E 


Iruns- 

fer 

Green 

White ; 

rotio 



Per cnit,S'umb(r 

Number Sumbrr Per cent 



<»:t 22X While Hurley 

:{7 

iUU 

M 

47 

47.0 

d::v4 

0.0 

(ill 24 X While Hiirloy . 

67 

KM) 

SO 

so 

50. 0 

0 1 ) 


«W-26XWliite Hurley 


13*2 

OS 

♦VI 

4H. 5 

“2 -1-H.O 

. 5 

' <«-2«X While Hurley . 

, Sfi 

iSK 

o;i 

Ofi 

50. 5 

1 .rt4. 0 


<W-27X White Hurley . 
i »W- 47 X While llurley. 

Vfi 

H»50 

170 

IHl 

50. :i i 

1 .'.Mi. 4 

. 2 

sr. 

4<r> 

201 

•205 

50. 5 ; 

2 d-O. S 

i 

1 liii Cl X White Hui ley 

7:i 

227 

ns 

m 

4S.0 

-4.5 d:5. 1 

1 .0 

j Totul 

71 . H 

; I,57H 

702 

7M 

40.7 ; 

"r: 5d=i:i.4 

! 


P^FFECT OF WEIGHT OF SEED 

To test for the eifcct (»f the w eight of the seed, seed of each of seven 
P's families was separated into two weight classes, heavy and light, 
and counted numbers of each were sown on soil and in IVtri dishes. 
After germination the seedlings in Petri dishes were transplanted 
individually to soil and groW'ii to sufficient size for etiolation. Final 
counts on these transfers listed in Tables 11 and 12 show' a small 
(lifference in the percentages of recessives recovered from heavy and 
light seed sow^n in soil, and a slightly smaller difference betw een these 
two classes with the seed germinated in Petri dishes. C^loser exami- 
nation of these tables revivals that two of the individual progenies, 
namely, 63-24 and 63 "26, yielded a slight excess of rec'cssives in three 
()f the four tests. They were recessive delicient only in the test of 
light seed germinated in Petri dishes. 

Within the limits of this experiment the behavior of these progenies 
is characterized by a degree of consistency which, in comparison wdth 
earlier tests, seeins too great to be attributed to chance alone. 

^ consulting the deviations observed with the Petri dish transfers 
in Table 12, it is found that the recessive deficiencies are distributed 
at random with regard to the germination percentages of the progenies. 
This is to be expected since in these tests comparatively weak seeds 
have a better chance to germinate. How'ever, a similar comparison of 
the germination percentages in this table with the deviations observed 
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in the soil tests shown in Table 1 1 reveals that in the light-seed class 
the two positive deviations were produced by 63-24 and 63-26, two 
progenies with germination percentages of 86 and 91 per cent, 
respectively. Also, 63-61, the only other progeny whose light seed 
tested over 80 per cent in Petri dishes, has a negligible deviation in 
the soil test of —0.5. 

Table 11 . — Greenhouse counts on Little Dutch X White Burley {cross 63) ^ showing 
the effect of weight of seed on the green : white ratio obtainea with 600 heavy and 
600 light seed of segregating Fz progenies sown on one greenhouse flat 


Light or heovy 
seed 

Progeny 

No. 

i 

1 Oreen 

Plants 

1 White 

Deviation ] 
from 3 : l 
ratio 

Dov. 
P. E. 


! 

03-22 

Number [Number 

1 112 : 32 

Per crTrfj 
22.2 

-4. 0± 3. 5 

1.1 


03-24 1 

i 17H 

! 61 

25.5 

1.3:^ 4.5 

.3 


03-25 1 

1 13» 

34 

19.7 

-9. 3=t 3. 8 

2.4 

Light 

03-20 1 

1 164 

57 

25.8 

4.3 

.4 

03-27 i 

179 

51 

22.2 

-6. 6± 4. 4 

1.5 

1 

03-47 1 

1 72 

11 

13.3 

-9. 8:1: 2. 7 

3.0 


63-01 

1 230 

76 

24.8 

— . 5d: 5. 1 

.1 


Total--. 

1 L074 

322 

23.1 

-27. 0±10. 9 

2.5 


03-22 I 

I 132 

1 31 

19.0 

-9. 8dr 3. 7 

2.6 


03-24 ] 

241 

K8 

26.7 

5. 8± 5. 3 

1.1 


63-25 

1 245 

i 69 

22.0 

-9. b± 5. 2 

J.8 


03-26 ! 

186 

1 

30.3 

14.3d:: 4.8 

3.0 

Heavy.., 

03-27 ! 

184 

; 54 

22.7 

-5.6d= 4.5 

1.2 

63-47 

144 

i 

21,7 

-6.0d= 4.0 

1 1.5 


63-01 I 

223 1 

71 

24.1 

—2. Si 6.0 

.5 


Total- -. 

1,355 j 

i 

j 434 

24.3 

-13.3=bl2.4 

1. 1 


Table 12 , — Greenhouse counts on Little Dutch X White Burley {cross 63), showing 
the effect of weight of seed on the green : white ratio obtainea unth 300 heavy and 
300 light seed of segregating ^progenies germinated in Petri dishes and then trans- 
ferred to soil 


Proj^y 

Light or 

Aver- 

age 

; Seed- 
! lings 

Seed- 

lings 

surviv- 

ing 


Pkints 


Deviation 
from 3 : 1 
ratio 

Dev. 

heavy seed 

gernii- 

natitm 

j trails- 
1 ferred 

Oreen 

White 

P. E. 

63-22 

63-24 

63-26 

63-26 

63-27 

68-47 

63-61 

Total-. 

Light 

i 

i 

Per cent! Number 
f 66 ; 197 

86 i 258 

77 ! 232 

91 ; 274 

68 i 174 

54 164 

1 95 ! 287 

j 1,586 

Number 

188 

252 

219 

254 

160 

160 

276 

1,518 

Number 

140 

192 

158 

194 

130 

117 

216 

1, 147 

Number 

48 

60 

61 

60 

39 

43 

60 

871 

Per cent 

25.5 

23.8 

27.0 

23.6 

23.1 

26.9 

21.7 
24.4 

1. Qd: 4. 0 
-3.0=fc 4.6 

6. 'i± 4. 3 
-3.6d= 4.7 
>3. 3. 8 

3. 0:t 3. 7 
! -9.0dr4.9 
; --8.5db:11.4 

a3 

.7 

1.6 

io 

.8 

1.8 

.7 

63-22 


97 

291 


224 

67 

23.0 

1 -5.*±JS.0 

■a 

63-24 


98 

305 

•306 

228 

77 

25.2 

' .iUz a .1 

mBm 

63-25 


97 

290 

259 

198 

61 

23.6 

1 -3. ikh 4. 7 


63-26 


99 

207 

297 

216 

' 81 

27.3 , 

6.8± 5.0 


63-27 


97 

290 

269 

211 

58 

21.6 I 

-9.3=b4.8 

mStm 

63-47 


97 

292 1 

265 

196 

69 

26.0 1 

2.8d:4.8 

.6 

08-61 

1 

97 

292 1 

279 

206 

78 

26.2 ! 

3.3d; 4.9 

.7 

Total- 



2,057 

1,965 

1,479 

486 

I 24-7 1 

1 -5.8±13.0 

.4 


« 310 seed instead of 300 used in this sample. 


It is evident that progenies with the lowest germination percentages 
in Petoi dishes are most deficient in recessives. The effect is somewhat 
less pronounced with the heavy seeds, but here 63-24 and 63-26 again 
produce a sm^l excess of recesaves. This behavior is significant dnce 
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it indicates that the different progenies contain variable percentages 
of weak seed which germinate in Petri dishes but do not germinate so 
successful!}^ in soil. Evidently it is among the weaker seeds that 
recessive elimination occurs. 

There remain to be presented germination experiments with mix- 
tures of true-breeding green and white families. In the first of these 
seed of Little Dutch, the green parent in cross 63, was mixed with seed 
of 63-31 , a White Burley type segregate from cross 63, and the mixture 
sowm on soil in a greenhouse flat. After the seedlings were transplanted 
and etiolated in the usual manner, the percentage of white plants 
resulting from the mixed sowing was compared with that expected, 
using separate soil-germination tests of the two component lines as a 
basis for calculation. As is apparent from the data in Table 13 the 
relative germination percentage of the recessive White Burley type 
seed was markedly decreased by the conditions of mixed sowing. 

TABiiE Greenhouse counts on a mixture of j)ureAine green and pure-line white 

seed sown in soil 


i 


I )csiKnHiioii 


So(*<l 

s<iwn 


! Nnmttfr 

31 fwlilto). 

I.iltlo Dutch. 1,(KM) 


+ LiilU* ],(KK)+ 

Dutch. 1,000 


Tt»tal, 



— 

— - - 

— - 



— , 





l*lants 


Per- 

Per- ! 







centaRe 

centaRol 


* 

Trans- 




Streen 

white : 



pluntcMl 
to flat 




on basis 
of total 

on ba.s’’s 
of total 

Deviation 

Dev. 
P. E 

No, 

Green 

White 

plants 

plant.s 






ob 

ob- 







tained 

tamed 




Murnher 

Xumher Per cent 



Per cent 



0 

8.60 . 



.60.8 . 





.*170 

0 


40.2 






, 


i".... "■ ‘i. 

■ ... . . 

— 

r 

(44 

106 

63.4 





2 1 

160 1 

100 

41.1 

1 

' 



3 ! 

8K 

m 

63.5 





4 

111 

109 

«). 4 

1 




5 

32 

21 

30.0 

1 





531 

617 

5 : 1.7 

i 40.3 

5 : 1.7 ' 

«-fi. I:fc0. 870 

7.0 




1 .. 





• Expectation culculatcd on basis of rcsiHHjtix'c Kcrminatiou of urecn and white checks sown si'paratcly. 


To test tliis point further, green and white stocks were made up 
from seed of true-breeding F 3 progenies having germinative capacities 
more nearly equal, with the object of balancing out any physiological 
weakness present in seed of a single family. The composition of these 
stocks and their respective germination percentages in Petri dishes 
arc given in Table 14. 

Table 14. — Composition of green and white stocks and germination of constilvent 
progenies in Petri dishes 


Designation of 
stock 

(.Constituent 

progenie® 

Oermina- 
tion in 10 
days 

Average 

germina- 

tion 



Per cent 

Percent 


f (si-ao 

93 

1 92 

OrccQ A 

{ 63-32 

02 


1 6:i~36 

90 

1 


f 03-31 

07 

1 95 

White A 

{ 63-226 

92 

03-30 

95 

1 


1 A332-21 1 

86 ! 

1 

White B, — 

{ A233-22 

96 

\ 89 


A282-23 

88 

1 
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Seed of the three stocks was sown separately and in mixtures at 
different rates on greenhouse flats. The results of this sowing, shown 
in Table 15, are somewhat contradictory. The green A stock yielded 
a significantly greater number of plants from 600 seeds sown on one- 
quarter flat than from an equal number of seeds sown on a whole flat-, 
while the reverse is true of the white A and white B stocks. The low 
actual yield of plants in this particular test suggests (ho operation of 
some uncontrolled environmental factor during gennination, an 
opinion supported by repetition of the (dieck sowings at different 
rates as shown in the lower part of Table 16. Additional evidence 
that crowded sowing induces a higher yield of plants is also presented 
in Table 16. In this case the constituent progenies of the three stocks 
were tested separately and showed consistent increases in the number 
of plants obtained at the thicker sowing. A comparison of these data 
with those of the Petri dish germination tests shown in Table 14 
reveals a congniity of behavior on the part of the stocks and their 
constituent progenies under the two conditions. There is no evidence 
in these tests that crowded sow'ing in soil results in discrimination 
against the recessive genotype. 

Table 1.5. — Greenhouac counfa on tnixtureit of grvt'n and white slochfi anwn on 

diffident arena in aoil 



{ 


riant s 


riiints 

stock 

SmI sown 

Area sown 

(d)- 






tained 

Grei'u 

White 

! 


! Number 


Number 

Number Number Per ceui 

Greoii-A 

.J fiOO 

1 flftt 

145 


1 

Whit^A 

(UM) 

cio 

27S 


Whlte-B 

. J «00 

do 

236 

1 

Green- A 

600 

H flat 

242 



White-A 

-J (kXJ 

do 

140 


' 1 


(MM) 

. do 

12K 

. V. . 



Green- A+whlt.c-A,. .. 

.. 600+000 

1 flat 


260 

232 47. 2 ! 

Gri*cn-A -t-wiiite-B — 

.. (MK)+000 

...do 


117 

172 f)0. 

i Oreen-A+whiUvA.. . 

.. 600+600 

H flat 


161 

161 .'Ml. 0 

Green- A-fwhia^B . . . 

600+600 

! 

--.do 

; 

145 

142 40. 5 
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DISCUSSION 

(^Considering the whole of the data presented on segregation in 
F2, Fa, and back cn)sses of Fi, and F2 of Little Dutch X White Burley 
as well as the F2 results of other green by white crosses, the genetiVr 
behavior of the White Burley chani<*ter is best explainiHl on the basis 
of duplicate factoi*s whicdi may be designated Ci f/i (h- Since F2 
segregation in several other green by white crosses closelv parallels 
that observed in Little Dutch X Wfii to Burley it is profiable that 
green and ^Tiite Burley varieties commonly differ in these same two 
factor pairs. 

On the basis of two independent duplicate Mendelian factois one 
would expect to recover in F2 6.25 per cent of the recessive white 
genotype (ji g-i <72. Nonually the deviations from this theoretical 
percentage should be e(|ually distributed as to direction. That this 
expectation is not realized with progenies of Little Dutch X White 
Burley is evident from a consideration of almost any table of field or 
greennouse results presented. The nature of the recessive deficien- 
cies is clearly shown in Table 2, where segregation in 12 F.. families 
grown in the greenhouse is recorded. It is equally apjiarent in Table 
4, where small imiividual deffciencies lead to a total deficiency of 
ov('r eight times the probable ern)r. 

That the recessiv<^ dcHciencies are not caused by auxiliary genetic 
factoi's operating to modify the normal dihybrid ratio seems fairly 
clear. The similarity of reciprocal crosses and back crosses, and 
the contradictory behavior of certain F2 and F3 progenies in the 
field and in the greenhouse discourage attempts to account for the 
deficiencies on any such basis. Likewise, eiToi-s in classification and 
effect of selection in transplanting may be ruled out. 

Since no deficiency of recessives w^as observed in the Petri dish 
transfei's of several experiments, the actual (iimination of recessives 
seems to occur during germination in soil. In this connection atten- 
tion is again called to the physiological nature of the seed used in 
these experiments. F3 progenies have been shown to contain variable 
amounts of seed which will germinate in Petri dishes but not in soil. 
Furthermore, seed of high germination percentage in the Petri dish 
experiments yielded recessives in expected numbers, whereas seed of 
low' gennination percentage did not. Differential zygotic viability, 
therefore, between dominant green and rece.ssive W'hite seems to be 
the most lo^cal explanation of the recessive deficient ratios observed. 
On this basis one would expect a progn^ssive increase in the degree of 
recessive deficiency between sowing in IVtri dishes, in greenhouse 
flats, and in exposed seed beds as the control of optimum conditions 
for germination is relaxed. Such an increase has been observed. 

The work of Allard (1) on the aurea character in Nicotiana rystka 
is interesting in this connection. Segregation in the F2 generation of 
a green by aurea cross involving a total of 25,000 plants yielded 6,079 
aureas, or 24.31 per cent. This total is apparently a summation of 
13 separate F2 plantings, 1 1 of which showed small i-ecessive deficien- 
cies. The minus deviation from expected numbers in this total, hqw'- 
ever, is about 3.7 times its probable erior. The total of the segregating 
Fa families and of the F| back crossed to white-stemmed aurea also show 
small deficiencies in the recossive class. Appearance of chlorophyll- 
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deficient recessives in less than expected numbers, therefore, seems to 
be characteristic of this species of Nicotiana as well. 

Similar phenomena have been reported by other investigators, 
particularly with maize, where the existence of many recessive abnor- 
malities has been established. Lindstrom (7) studied a number of 
recessive chlorophyll modifications affecting the mature com plant. 
In ^populations segregating for these characters slight recessive 
deficiencies were regularly encountered. 

In tobacco it is probable that the degree of recessive deficiency is 
materially influenced by environmental conditions during seed 
development. It is conceivable that back-crossed seed involving the 
maturation of only a few capsules per plant would be physiologically 
stronger than self-fertilized seed from a plant maturing many capsules. 
Certain of the results obtained with self-fertilized and back-crossed 
seed of the same progenies might be explained on this basis. 

SUMMARY 

The inheritance of the chlorophyll-deficient White Burley character 
in crosses of White Burley with normal green tobaccos has been 
studied in field plantings, in greenhouse plantings, and in transfers 
to soil of seed germinated in retri dishes. A special technic for the 
identification of this character in greenhouse seedlings has been 
developed and was employed in the classification of segregating 
progenies. 

Data from the Fi, F 2 , and F 3 generations and from back crosses of 
Fi and F 3 show that duplicate genes designated Gi and G 2 are involved 
in the production of the normal green color of the plant. Their 
recessive allelomorphs gi and are both essential to the White Burley 
genotype. Fi plants (ye fully green, and segregation in F 2 is accord- 
ingly 15 green: 1 white. In F 3 true-breeding green and true-breeding 
white progenies were recovered as well as families segregating for one 
and for two factors. 

Large recessive deficiencies in field plantings, and smaller but 
equally distinct recessive deficiencies in greenhouse plantings were 
observed in all segregating generations. Evidence from successive 
greenhouse transplantings, and data from experiments involving 
counted numbers of seed show that selection from field seed beds 
and from greenhouse stock flats is not responsible for these deficiencies. 

Experiments with counted numbers of seeds show that crowded 
sowing does not cause the elimination of recessives since frequently 
increases in the percentage of germination paralleled by slight increases 
in percentage of recessives recovered were obtained with thickly sown 
seed. 

Evidence that environmental and not genetic factors are concerned 
in the nonappearance of recessives in expected numbers is fourfold : 

( 1 ) No significant differences are observed in the Fs of reciprocal 
crosses and in reciprocal back crosses of the green Fi to Vl^te Burley; 

( 2 ) the differences between field, and greenhouse results are most 
logically explained on the basis of non^enetic influence; ( 3 ) certain Fg 
progemes produce an excess of recessives in some greenhouse experi- 
ments and a deficiency in others; and (4) in some ^tri dish transfers 
normal expectation for recessives is realized. 
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Experiments with heavy and with light seed germinated in soil and 
in Petri dishes demonstrate that segregating progenies normally 
contain variable amounts of weak seed which wfll germinate in 
Petri dishes but not in soil. Elimination of recessives in these 
experiments tends to decrease with an increase in relative viability 
of the light seed. 

A differential viability between dominant green and recessive 
white genotypes is therefore apparently responsible for the recessive 
deficiencies observed. 
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AN ADDITIONAL PAIR OF FACTORS AFFECTING 
ANTHOCYANIN PIGMENT IN MAIZE ‘ 


By Mkklk T. Jenkins 

Asauciatc Agromnnisty Division of (Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

This paper reports a new j?ene affecting the production of antho- 
cyanin pigment in maize (Zea mays L.). This gene is so similar in 
its action, both in aleurone and in plant color, to the An. factor pair 
reported by Emerson^ in 1918 that it has been called A^a^. It is 
suggested that the An factor pair isolated by F^merson be designated 

1 ^ 1 * 

MATERIAL 

The. vljf/o factor pjiir was obtained froju lodeut corn, a strain of 
Keid Yellow dent develo|)ed at the Iowa Agricultural Experiment 
Station.'* The original progeny heterozygous for A-a^ also was 
heterozygous for the chlorophyll defect, iojap. In fact, the material 
was being used for a study of this chlorophyll defect, and the presence 
of Uy was not suspected until peculiar ratios of aleurone colors were 
obtained. Many of the data presented in this paper have come from 
the Fj, F 2 , and later generations of an individual cross between the 02 
stock and an tester for aleurone coh)r which was homozygous for 
brown plant color. The genetic composition of this cross w^as as fol- 
lows: 


A 2 A 2 CC KR HR PI PI p p X A, A, A^a. cc rr bh pi pi P^^ 

This cross will be referred to throughout as the original Fi cross. 


INTERACTION OF A., WITH ALEURONE GENES A„ C, AND R 

.Vleiirone color in maize is dependent upon the pr(‘s<»nce of the 
dominant allelomorpiis of the three complementary pairs of genes 
AiUj, Cc, and Hr and the duplex recessive condition of the inhibitor, 
/?. The interactions of thevse genes are so familiar to every student 
of maize genetics that they need not be reviewed here. In its elfect 
on aleurone (*olor the new gene, A 2 , is compleifientary to the three 
complemontarv genes mentioned above. 

Fifty-live of the plants of the original Fi cross were self-pollinated 
and yielded F 2 progenies. Twenty-four of these progenies segregated 
for aleurone color in the proportion of 27 coloi*ed to 37 colorless, and 


per i.s based 


* Kecelved for publication Nov. 2, 1931; iswued May, 1032. The data on which this papw 
como from the comdmprovuinunt project oonducteil cooperatively by the Division of C ereal C rops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Farm Crops Section of the 
Iowa Agricultural Experiment Station. 

• EmKRSOMj R. a. a fifth pair of factors, AA, for ALKURONE color is MA17.E, AND ITS RELATION TO 


Argentina, 
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the remaining 31 F 2 progenies segregated for alenrone color in pro- 
portions approximating 81 colored to 175 colorless. Equal numbers 
of each kind of segregation were expected. The deviation of 3.5 is 
1 .4 times its probable error. A summary of the data from these 55 
progenies is recorded in Table 1 . 


Table 1. — Summary of data on 55 Fz yrogenies 


, Number 

Ratio of 

1 progenies 

Colored 

Colorless 

Dev. 

p;'e; 

Observed 

Expected 

4.603 
! 4.639 

Observed 

6.601 

10.067 

Expected 

27 : 37 j 24 

81 : 176- ! 31 

4.622 
4.278 ! 

6,430 

9.806 

0.67 

2.18 


Six of the F 2 progenies shovdng aleurone color ratios of 81:175 
were ^own in the field, and a large number of the plants from 
colored ^eds were self-pollinated. A summarv of the aleurone color 
segregations of the 123 F 3 progenies obtained is recorded in Table 2 . 


Table 2. — Daia on Ft aleurone color eegregatione obtained by selfing Ft pUinis pro- 
duced by colored eeede from 81 : 1 75 ratios 


Aleurone ratio 


AU colored 

3 colored to 1 colorless... 
9 colored to 7 colorless. . . 
27 colored to 37 colorless. 
81 colored to 175 colorless. 

Total 


x®-l.«9. P-0.8-. 


Nmnber of F3 progenies 





Deviation 

Observe<l 

Exrtected 


0 

1.6 


11 

12.2 

1 -1.2 

37 

36.6 

+.6 

60 

48.6 

i +1.4 

25 

24.3 

+.7 

123 

123.1 

-.1 


A number of the 9: 7 F 3 progenies were grown in the field and tested 
to determine whic.h of the aleurone factors were heterozygous. 
Among those grown there were some heterozygous for and each 
of the factor paire AiOu Cc, and Jffr. Plants from the colored seeds 
in these progenies were self-pollinated. They yielded F 4 progenies, 
of which some were homozygous colored, some segregated in ratios of 3 
colored to 1 colorless, and some segregated for 9 colored to 7 color- 
less. A suinmary of the number of progenies showing each kind of 
segregation is recorded in Table 3. 


Table 3. — Summary of Ft aleurone color segregations obtained by selfing Ft plants 
produced by the colored seeds from the dihybrid ratios involving A^at and each of 
the other complementary genes for aleurone color 
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A summary of the dihybrid segregations among these F4 progenies 
which involved ^2^2 and each of the other complementaiy factoi*s for 
aleurone color is recorded in Table 4 . 


Table 4. — Summary of Ft dihyhrid segregationtt involving A2a2 and each of the 
other complementary genes for aleurone color 


Qenes heterozygous 

Num- 
ber of 
prog- 

Observed 

Expected 

I 

Dev. 

P. K. 


enies 

Colored | Colorless 

Colored 

C'olorloss 

ylaoj and A\ai ■ 

i 20 

4,339 1 3,481 ! 

4,399 

3,421 

2.0 

ytita^and Cc - ^ 

7 

1,370 j 1,061 1 

1,373 

1,067 

• 4 

^302 aud Rr ; 

9 

1,618; 1 , 200 ; 

] ! 

1,636 

1,272 

1.0 


Frecjuency distributions of the aleurone color s^regations ob- 
tained in the F2, F3, and F4 progenies, summarized in Tables 2 and 3, 



are shown in Figure 1. It wiU be seen that there was some over- 
lapping of the different kinds of ratios. This overlapping, however, 
does not appear to be of sufficient extent to discredit the progeny 
classifications presented in Tables 2 and 3 . 

The data presented in this section indicate that A^ is complemen- 
tary to Aiy Cy and R in the production of aleurone color. They also 
indicate that ^42 is inlierited independently of these three genes. 
More complete proof, however, that A2 is not linked in inheritance 
with Aiy Cy or R is presented in the section on linkage. 
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INTERACTION OF Aa WITH PLANT COLOR GENES A,. B, AND PI 


The interaction of the Ait factors has been reported by 

Emerson (1921).^ Gene A 2 is complementaiy to Ai in its action upon 
plant color as well as in its action upon aleurone color. The Fi plants 
of the original previously mentioned cross, whic.h were heterozygous 
for A 2 a 2 t were of the constitution aiA 2 CRB PL AiCh, cr h pi. The 
F 2 progenies contained seedlings with red and with green stems in the 
ratio of 9 red to 7 green. Six F 2 progenies were grown to maturity. 
The F 2 plant color segregations obtained and those expected on the 
assumption that A 2 is complementary to Ai ai‘e indicated in Table 5. 


Table 5. — Ff plant color segregationn 


Genotypes 

('ompoKition 

Ai A’t liPl 

Ai AtBpl.:. .. 

AiAibPl 

Ai Aibpl 

AiaiBPl 

ttiAiBPl 

ai as B PI 

Ai 02 b PI 

ot -42 b PI 

AiasBpl 

ai As B pi 

Ai a%bpl 

oi -4i b pi 

Oi as B hi 

Oi 02 b Pi 

ai as b pi 

Total 



i 


Phenotyi>es 


i Ohserveii!Kx]ifM‘ted iDeviution 


Purple 

Sun red.. 

Dilute purple 

Dilute sun red 

Brown 


m\ ' 

UN) 
i»:t i 


IK7 


:u)ii I 
U 12 ; 
10'-! ! 
M ; 

i!:w I 


n 
- H 


I 1 : 


‘fu 


X*«8.98. /’-0.5+. 


The greatest differences between the observed and expected num- 
bers o(HUir in the dilute purple, dilute sun red, and brown classes. 
The differences suggest a loose linkage, in the coupling phase, between 
A 2 and B. 

Fs progenies were ^own from a number of self-pollinated F 2 ])lants. 
A summary of the F;, plant color segregations in the progenies from 
some of the F 2 plants heterozygous for yl 2«2 is recorded in Table 6. 

All of these segregations are in agreement with the hypothesis that 
-4202 is complementary to AiOi in its action on plant color. 


Table 6. — Data on the plant color segregations in F3 progenies from Fs plants which 
were heterozygous for Azas 


Qroup 


1 (-4, Ai). 


SUitti). 


i 


Genetic composition 


'-4i-4i -4202 BB PI PL. 

Expected 

-4i-4i-42ei BB PI pL. 

Expected 

-li-4f -4202 Bb PI PL. 

Expected 

-4i-4l ^202 bb PI pi — , 

Expected 

-4iai -4202 BB PI pL... 

Expected 

-4iai -4202 Bb PI PL.. 

Expected 

-4iai .4202 B6 pi pt 

Exuectad. 

-4ioi-4SS^p«p/..:: 
Expected 


pHdiirrPA' i nilute 

Pedigree, 


5710 : 


ftim . 


42 ; 

45 

40 


Dilute 
sun red 


Brown 


57224)8 ; 


56004)4 ; 

40 

40 

22 

5606 i 

23 

6700 j. 

5702 ) 1 

1 1 


12 i 
12 j 


25 


Green 


29 j 
38 
22 ! 
18 i 


Total 


51 

51 

53 

04 

m 

us 

no 

no 

116 

115 

55 

55 

55 

55 

55 

56 


ttS* lioSi***^ MLAnoua or plant colorb in maix*. N. Y, CorneU Agr. Expt. Sta. 
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INTERACTION OF A2 WITH PERICARP GENE P'^' 


The interactioii of faetors in the production of the red series of 
ericarp colors has been shown by Emei’son * and by Anderson and 
Imerson ® to be as follow's : 


Ax P=red. 
a\ P= brown. 

Ax p— colorless. 
oi p— colorless. 

The original Fi cross was heterozygous for (white pericarp, red 
cob) and />. The presence of brown plants wdth red cobs in the Fo 
progenies segregating for A2a2 indicated that recessive must not 
affect pericarp and cob <;olor in the same mannej- as recessive Uj. 
The F2 distributions i>htained, however, were not in agreement with 
those expected on the assumption that had no influence whatever 
upon cob <'olor. An excess of brown plants with brown cobs was 
(d)tain(Mi which could not be Hc<‘ounttHl for. During the past season 
several progenies were grown which were segregating for ^1202 and 
l^T p were homozyg(»us for AxiXx^ Only red and white cobs were 
expected in these progenies. The unexpected occurrence of bi*own 
plants with brown cobs led to a more careful examination of the 
(colored portions of these cobs. It developed that the color in these 
exceptional cobs was due to brow*ii color located in the horny basal 
portion of the lower glumes and that the thin upper glumes or chaff 
were white. 

In the mature pistillate spikelet of maize the lower (enipty) glumes 
are thick and horny one-half to three-quarters of the distanc^e from 
base to tip. They usually have thin membranous margins varying 
greatly in width. The upper glumes (lemmas and paleas) are thin 
and membranous. 

The <u>lor produced by the pericarp gene 7 ^' appears to be confined 
to the thin upper glumes and to the thin margins of the lower glumes. 
The color of these parts will be referred to as upper glume or chalf 
color. 

The color of the horny portions of the lower glumes (which will be 
termed lower glume color) is associated wdth plant color. In the cul- 
tures used in this study the basic color of the lower glumes on the 
ears of dilute sun red plants w’as light yellow’ or straw’ color. The 
color of these glumes w’as modified by the plant color factore and was 
correlated with plant color as follows: 

Plant color Lower glume color 

Purple —purple. 

Sun red— straw. 

Dilute purple— stniW’, occasionally showing considerable purple. 

Dilute sun red— straw*. 

Brow'ii^^brown. 

Green s= straw. 

These colors doubtless vary somewhat in intensity in different cul- 
tures. Purple and dilute purple plants from different cultures show* 
considerable variation in the amount of purple in the lower glumes, 
and brown plants in the amount of browm color. There also is much 
difference in the size of both upper and lower glumes in different cul- 


> fiMxasoN, K. A. op. oit. (See footnote 4.) 
• Andbbson, K. O., and Embuson, K. A. 
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tures and consequently in their relative importance in determining 
the superficial color of the cob. 

The basic colors of the upper glumes in the material studied were 
red and white. These colors were modified considerably on purple, 
dilute purple, and brown plants by the extension of purple and brown 
pigment into them. In the material used no difficulty was experi- 
enced, however, in determining whether their basic color was red or 
white, except in a few of the purple plants. 

Gene 03, unlike gene Ui, has no influence upon the upper glume 
color produced by the pericarp gene P. It influences lower glume 
color, nowever, in a manner exactly similar to Ui. On a brown plant 
with a red cob {Ai a^B PI P" 0 j therefore, the horny portions of the 
empty glumes were brown and the flowering glumes were red. The 
thin margins of the empty glumes were difficmt to classify, but they 
appeared to be red similar to the flowering glumes. 

A summary of the factorial relations of 02 and p in relation to 
upper glume or chaff color is as follows: 

A% P"^=red chaff. 

02 P"*‘=red chaff. 

At p= white chaff. 
a% p= white chaff. 

Table 7 gives the data on four back-cross progenies which l)ear 
out this relationship. Inasmuch as these progenies also WTre back 
crosses for PI p?, ana as unfortunately the upper glume color of some of 
the purple plants could not be definitely established, it was necessary 
to group all the purple plants into one class. 

Table 7 . — Data on progenies of the hack cross Xcb P 

Az p 



Among the F3 progenies grown there were a few that were homo- 
zygous P®" P*®** AiAi and that were demonstrated by appropriate 
tests to be segregating for A2a2. All the plants in these progenies had 
red upper glumes on their cobs (with the exception, of course, of the 
purple plants, which had considerable purple pigment in these parts). 
These segregations support the assumption that the upper glume 
color of 02 P"' plants is red. 
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A summary of the factorial relations of Axy /I2, and in regard 
to upper glume color is as follows: 

i\ t W-*' 

S Pbrown. 

Ai Ai p\ 

2 [white or colorless. 

ai A2P* 

^1 <^2 P. 


Data supporting the foregoing relationship were obtained from some 
of the F3 progenies. A summary of the data from two progenies 
segregating for these three faetoi*s is recorded in Table 8. The 
observed and expected numbers are not in very good agreement, but 
all of the expected classes are present. 


Table 8. — DcUa on two progenies by selpferiilizaHon from plants of the composition 

A ifli .^202 P 



\ Colored plants 

Oreen plants (at As, At as. 



! (^1 As) 


and Oi as) 



Item 

! ! 

Uedehaffi 

White 

Hed chaff 

Brown 

chaff 

(P'^r) 

\Yhite 

Total 


! ; 

chaff ip) ; iP^n 

1 

chaff (p) 


observed 

‘ ao 1 

2«) 

13 

2:1 

7 

93 

Extiected 

39. 2 1 

1.3.1 

13. J 

! 17.4 

1U.2 

93 

Deviation 

' ’ 

1 

■fay 

-.1 

; •fs.G 

-3. 2 

! 0 


x**8.59. /»-*l)et.ween 0.05 and O.IO. 


Table 9. — Data on a progeny by self-fertilization from a plant of the composition 

AiOt AtOi P^' 


Item 


.‘I I A2 
(red 
(‘liatf) ® 


-li an 
(red 
chaff) 


Oi As ; 
and Oi as ' 
(brown , 
chaff) 


Total 


Observed ! 25 

Expected , 27 

Deviation | -2 


10 I 


»i 

r 

+1 i 


12 , 
12 ; 

-0 I 


47 

48 


-1 


* Alao includes the purple plants with purple chaff. 


A single F3 progeny was obtained which was segregating for AiOx 
A^Oi and was homozygous P®*” P*". A summary of the data from this 
progeny is recorded in Table 9. The agreement between the ob- 
served and expected numbei*s is very close in this case. 

LINKAGE RELATIONS OF Ajas 

Crosses have been made between and genes from 7 of the 10 
linkage groups in maize. The linkage data from these crosses are 

summarized m Table 10. 

Becombination values approximating 50 per cent were obtained 
between a% and aJl the factors with which it has been crossed except 
B. From the back-cross data on <h and P, crossover percentages of 
from 35.5 to 40.2 per cent may be computed, depending upon the 
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method u.sed. The value of 37.2 ±3.2 was computed from the first 
two classes. Oenc also has been crossed with Ig, and the small 
amount of F 2 data available indicate 55 ±4.6 per cent of recombina- 
tions. These data come from three small progenies which, because of 
the extremely dry season of 1930, were all that were obtained.^ 

Table 10 . — Recombination percentages of ai mth the genes with which it has been 

crossed 


Onnes 


At.. 

At.. 

B... 
Aa^.. 
Aa.. 
Aa.. 
Aa . 
Aa.. 
At... 
Aa.. 
Aa... 
Aa.. 



Link- 

A'r 


age 

y 

phase « 


c 

C Be 

4,000 

R 

C Be 

1,802 

' Aa 

C Be 

04 

; Lg 

R Fa 

92 

,1 y 

R Be 

0J7 

■\ 

C He 

118 j 

\ Tia 

R Be 

109 ! 

1 Br 

R lie 

102 

! Ra 

R Be 

231 

i 

(' Be 

428 

1 Ai 


6, 445 

\Ai 

1 

1. 092 

! 


X Y 


Xy 


i5:)i 

12:{ 

I2H 

104 

36U 

401 


14,422- 

- 5, 763 






74 
.'■.73 
124 
117 
9.1 
29K 
432 
- 19, .ISO 
5,171 


34 

o:i6 

93 

132 

98 

369 

442 


I 


19,088 
7, 605 
214 
235 
2, 4.'i0 
4.W 
481 
399 
1,247 
1, 76.3 
2.1, 9Sl 
0,803 


Recombi- 

nations 


Per cent 
••Ol. I±0.3 
^ 12 . 4 ^ .0 
37. 2dt;3. 2 
.*■>5. Urb4. (i 
61.0db; .7 
.13. 9d=1.0 
.'■lO. l;fcl..1 
.'■|0.1±1.7 
47. 3-1:1. 0 
50. 7± .8 
*49.6± .3 
* 50. 7=t . 0 


« The symbols in this column hove the following significance: C»coupling, R»rcpnlsion, back- 
cross progenies, and F 2 = progenies by .self-fertilization. 

* Inasmuch as the recombination iiercentHges in thase distributions are computed from half of the total 
number of individuals, their probable errors also are based on the smaller numbers. 

« AiUi also segregating. 

SUMMARY 


A second pair of genes, ^ 2 ^ 2 , affecting anthocyanin pigment in 
maize has been isolated and its relation to some of the other aleurone 
and plant color genes studied. 

The new factor pair is complementary to the AiUi, f7c, and Br pairs 
in the production of aleurone color. 

It is complementary to udiflj in the production of plant color. 

It differs from the AiUi pair only in that it has no influence upon 
the color produced by the pericarp gene P. 

Cob color appears to be dependent upon the color of two distinct 
parts of the cob, the lower glumes and the upper glumes. 

The color of the lower glumes appears to be controlled by the plant 
color genes and not influenced by the pericarp ^ne, P. The color 
of the thin upper glumes or chaff is influenced by P, and it is the color 
of these parts that is not influenced by -AgOg. 


7 Linkage testa conducted since this was written of 02 with Ig, gk, and vi Indicate that aa is not in this group. 




THRESHER INJURY IN BABY LIMA BEANS ‘ 


B}' H. A. Bokthwick 

Asmufanl Botanist^ California Agricidlural Experiment Station 
INTRODUCTION 

In the course of some germination studies of baby Lima beans, 
certain lots were found to produce rather high percentages of defective 
seedlings. The defects were of several different types, more than one 
of which frequently occurred in a single seedling. Of these various 
types of injury, one of the most conspicuous in the field when the 
beans are coming up is baldhead (fig. 2, D), a condition in which the 
stem growing point and the first true leaves of the plant are Jiiissing. 
Harter,^ in a rather thorough study of the causes of this condition in 
manv varieties of beans, found that, while insects and bacteria ar(» 
jjartly responsible for tli(‘ trouble, by far the greater amount is caused 
by the threshing machine, lie also found that vai-ieties differ con- 
siderably in the degree to which they may hti injured by the thresher, 
Lima beans being rather susceptible. Harter did not mention any 
type of machine injury, however, other than baldhead. This paper 
will, therefore, descrilie in some detail these other types of thresheT 
injury found in Lima beans. 

TYPES OF INJURY 

A study of many hundreds of baby Lima bean seedlings from 
machine-threshed seed shows that practically every part of the embryo 
is susceptible to some kind of thresher injury. In the following para- 
graphs, the various types of injuries are groujunl according to the part 
of the i)lant affected, 

INJURIES TO CXITYLEDONS 

Detachment of tlie cotyledons is one of the most common injuries. 
One cotyledon may be broken at its point of attachment to the stem, 
the other functioning normally (fig. 1, B); or both cotyledons may be 
absent although the plumule is uninjured (fig. 2, B and C). In cither 
event, growth of the seedlings is retarded, although the i*etardation 
is much more j)ronoimced in the latter than in the former case. 

In many cases the cotyledon is not broken completely froni the 
plant, but remains attached by a small area of tissue. Callus tissue 
develops at the broken surfaces, and not infrequently adventitious 
roots arise from this callused area of the cotyledon. In several cases 
cotyledons which had been broken off completely were found to have 
produced callus tissue and adventitious roots at their injured surfaces. 
(Fig. 3, B and C.) One cotyledon of this type was transplanted to a 
pot and grown for a few weeks. During this time the cotyledonary 
bud, which apparently in this case was broken off with the cotyledon, 
produced a branch an inch or more long, the roots made a vigorous 
growth, and the cotyledon was almost completely absorbed. 
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Sometimes the fracture is of such a nature that, while the cotyledon 
still remains attached to the plant, its position with respect to the 
other cotyledon is altered. Such a situation is shown in Figures 1, 
A, and 4, C. One notes in the former case that the upper cotyledon, 
which is in its nonnal position, appears to be somewhat withered, 
while the lower one is still plump. In the latter case the opposite 
condition occurs, the upper cotyledon having been displaced. A 
break in the vascular connection of the plump cotyledon in each case 
probably explains why it has not lost its food reserve so rapidly as 
has the other one. Similar evidence appears in Figure 4, D, where a 


.1 



Fkjurk I.— Lima bean seedlings showing injury to the cotyledons; A, Cotyledons at different 
levds as a result of injury near their point of attachment, the upper cotyledon being in its normal 
position; B, seedling with one cotyledon missing 


cotyledon is shown with a crack crossing it transversely. Although 
the outer end is still attached, its food reserve has not been used as 
has that of the lower part of the cotyledon. 

INJURIES TO HYPOCOTYL AND RADICLE 

Besides the various injuries to the cotyledons just described, the 
hypocotyl and radicle are also subject to injury. Complete loss of 
the radicle is of comparatively frequent occurrence. (Fig. 4, C, D, 
and E.) In these cases the lower end of the hypocotyl calluses over 
and mves rise to adventitious roots. The radicle is occasionally 
found still attached to the lower end of the hypocotyl but injured to 
such an extent that it fails to grow. Although adventitious roots 
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soon replace it (%. 3, D), the growth of the seedling is retarded in 
consequence of the injiiiy. Damage to the radicle usually results 
in pronounced curvature near the point of injury. (Fig. 4, C, D, 
and E.) 

A break in the hypocotyl frequently occurs just below the cotyle- 
dons, as in Figure 4, A and B. In this event the cotyledons remain 
below ground, while the fii*st vegetative leaves reach the surface as 
a result of the elongation of the epicotyl. In these cases, adventitious 
roots also arise from the injured surface of the hypocotjrl. Such seed- 
lings are slow in coming up, and growers very often believe that they 
are from seeds which failed to get wet at the fimt irrigation. 

A more common type of injury to the hypocotyl or root is one in 
which the fracture does not extend coinplctelj^ across. (Fig. 2, A, C, 
and D.) In a very large percentage of cases in which the hypocotyl 



Fkjukr 2.— Lima bean see(UinK.s showing various types of injury: A, Crack in the hyiwcotyl; 

1), botti cotyledons and the radicle missing; both cotyledons missing, and hypocotyl cracked; 

D, baldhead bean with cracked hypocotyl 

is injured in this manner, the injury is on the side of the hypocotyl 
away from the seed coat. This condition is well shown in Figure 2, 
A, and also in Figure 5. The explanation of this phenomenon ap- 
pears to be connected with the way in which the hypocotyl and root 
are supported in the seed. The root tip is completely enveloped by 
seed-coat tissue adjacent to the micropyle, which gives it rather rigid 
support, while the opposite end of the hypocotyl is supported by its 
attachment to the cotyledons. The middle part of the hypocotyl in 
a baby Lima bean lies along the edge of the bean, adjacent to the 
crack between the two cotyledons. Although it usually lies against 
the cotyledons, it is not very firmly supported hj them. As this axis 
is well supported at each end and not m the middle, a blow on the 
hypocotyl, such as might be delivered by a cylinder tooth in a thresh- 
ing machine, might reasonably be expected to result in a bending of 
this structure inward at that point and in the opening of a crack on 
the side of the hypocotyl opposite that which received the impact. 
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Injuries of the type just described are not so serious in their subse- 
quent effect on the plant as are some of the others mentioned pre- 
viously. In most cases healing of these cracks in the hypocotyl 
begins very shortly after the bean commences to germinate, and, by 
the time the plant has two fully formed true leaves, the wound is 



FiQiTBB 3 .—Lima bean seedlings showing various types of injury: A, 

Cracked hypocotyls showing hraling of the injury; B and C, de- 
tached cotyledon which has product adventitious root from the 
wounded surface: D, seedling with injured radicle on which adven- 
titious roots are being produced at the injured surlhce 

completely healed. Early stages of such injuries are shown in Figure 
5. These two erabiyos were taken from beans which had been 
soaked overnight. In later stages there is usually a sharp bend at 
the position of the injury, with an area of cork tissue forming a scar 
over, tie wound. (Fig. 3 , A.) 
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Fiourb 4.— •Injiiriei) to hypocotvl and radicle: A and B. Uypocotyl broken oil at point of 
attadiment of ootyledons, the hypoootyl and radide being still present but not function- 
hag in A: C. biddbead seedling with ootyledons at different elevations as a result of injury 
and with radicle missing; D. seedling with a haoture in one cotyledon, a crack acrc^ the 
hyp<K»tyl. and the ramde missing; E. seedling with an injury to the hsp^tyl i^r 
point of attachment of cotyledons, a transverse crack near thelower end of the hypo^tyl. 
and radide missing. Note the formaUon of adventitious roots at all injured surfaces 
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AMOUNT OF INJURY IN MACHINE-THRESHED BEANS 

The relative amount of seed which produces injured seedlinp of 
the types described in the preceding pages varies markedly in baby 
Lima beans from different sources. Twenty different lots of beans 
were obtained from growers near Sacramento, Calif., for germina- 
tion studies. This material was germinated in the greenhouse in 
flats containing a rather coarse soil to insure good drainage. Observa- 
tions were made at the end of about two weeks, at which time the 
primaiy leaves had nearly reached their full size and the cotyledons 
had not yet been entirely depleted of food reserves. Results obtained 
with these beans are shown in Table 1. 

Table 1. — Summary of germination results from 20 lots of baby Lima beans 
germinated in soil flats in the greenhouse 

[Figures represent percentages ba.sed on tho average of three lots of 40 beans each] 


x-tsTceuia^. BuniiiuHuuu di iwuiibiu uii> inu. — 



— 


— 



— 


— 

— 



— 

... 


— 

— 

— 

germi- 

Description of seedling . . . 

1 

2 

3 

4 1 6 

! 

6 1 

1 

7 

8 1 9 

10 

11 

121 13 

14 

lb 

16 

17 

18 

19 

20 

nation 

Normal •. 

f>3 

76 

66 

1 

671 55 

ii 

86 

55; 70 

76 

63 

53! 59 

71 

64 

25 

84 

72 

77 

94 

64.8 

Jointed hypocotyl * 

8 

6 

14 

19, 21' 28 

5 

7! 7 

10 

15 

12| 14 

14 

0 

26 

2 

0 

1 

1 

10.9 

Baldhead * 

7 

6 

3 

71 7 

4 

0 

111 8 

4 

6 

lOi 9 

7 

8 

12 

4 


2 

2 

5.8 

Ono cotyledon missing... 

7 

2 

7 

6 5 

11 

4 

8; 8 

2 

6 

12‘ 7 

4 

8 

5 

2 

hI 

' 11 

2 

6.6 

Two ootyledons missing.. 

2 

2 

3 

1 2 0 

0 

-fL? 

0 

0 

2; Oj 

1 

1, 

1 

2 

JJl 

ij? 

oi 

i 1.0 

Total seedlings.- 

- 

80 

92 

90 00| 86, 

94 

sa! 93 

92i 88 

89^ 89 

97 

80 

s 

94 

87' 

' 91 

90' 

89.0 

Ungerminated seed. 

! 18 

! 

U 

"1 

TojToTij 

6 



A* 

TvTij 


lo 

31 

6 

la 

1 

"”9 

1 

3 

-j 


« By a *'normal seedling’' is meant 1 with 2 cotyledons, 2 well-developed vegetative leaves, and an 
axte with no evidence of injury . 

‘ Jointed hypocotyl" refers to those seedlings in which the hypocotyl has been cracked but the wound 
has been healed. , 

« **Baldhcad” refers to seedlings with the plumule missing. 

In considering the amount of injury shown in these 20 lots of seed, 
one notes that, while baldhead is rather common, other types of 
injury occur much more frequently. In many cases these other 
injuries probably do not cause so much reduction in yield as does 
baldhead. In other cases, however, the injuries are so severe that 
the plants fail to survive. Many of the ungerminated seeds, it was 
found, failed to germinate because they were too completely shattered 
internally to make any growth, although there was no external evi- 
dence of this injury at the time'fthe beans were planted. This was 
found repeatedly to be the case in seeds germinated on blotters, 
where they could be observed during the early germination stages. 
Accurate data concerning injury to underground parts of the seed- 
lings grown in soil flats were not secured, because the seedling were 
pulled out for inspection instead of being washed out of the soil. 
Had these injuries been accurately recorded, the number of seedlings 
showing defects would have been even greater than the table shows. 

ARTIFICIALLY INDUCED INJURY 

Hand-shelled beans do not produce seedlings showing the defects 
described above. A supply of nand-shelled beans was obtained from 
the Add that produced lot 16 of Table 1. Lot 16 was machine 
threshed, and of the 20 lots investigated it produced the greatest 
number of defective seedlings. Severm hundred of these hand-shdled 
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beans were geminated in soil flats in the manner already described. 
While a few cases of baldhead and of loss of cotyledons were observed, 
not a single seedling showed any injury to the hypocotyl or radicle. 

In order further to establish the fact that the abnormalities found 
in bean seedlings were the result of rough treatment of the seed 
during threshing, attempts were made to produce the same effects 
artificially. For this work samples of hand-threshed beans W'ere 
subjected to various types of mechanical injury. The beans of one 
lot were placed flat on the table and pressed until they could be 
heard to crack. In most cases no external injury to the seed coat 
was evident as a result of this treatment. The beans of another lot 
were placed on end in a small depression in a board, with the hilum 
directed to the fi*ont and the micropyle above. Plach bean was then 
hit a shari3 blow directly over the radicle and hypocotyl by the re- 
lease of a steel spring. The beans 
were caught on cloth to prevent a 
second shock. Slight external in- 
jiny resulted from this treatment. 

The beans showing injury to the 
seed coat were planted separately 
from the others. 

These two lots of injured beans 
were germinated along with a lot 
of uninjured hand-shelled material. 

The uninjured seed produced nor- 
mal seedlings except for a few castes 
of baldhead and loss of cotyledons. 

The seeds which had been subjected 
to pressure produced seedlings wdth 
a very high percentage of cracked 
and missing cotyledons, hut practi- 
cally no seedlings wdth injured hypo- 
cotyls or radicles. In the beans 
which were hit wdth the steel spring, L/ 

there was a high percentageof injurj' K.,a HK - Embry.* 
to the hvpOCOtyl or radicle. No cotyledons removed toexpo.se injuries to hy^w- 
significant difference appeared in to 

this lot, however, between beans one at a. to one similar to that of Fig- 

with external injury and those with- 
out. A few showed injuries to the hypocotyl similar to those of 
Figure 5, although in most cases the injury was so severe that the 
radicle and sometimes a part of the hypocotyl also ivere completely 
lost. In this lot of seedlings over 40 per cent showed some type c)f 
injury to the hypocotyl or radicle similar to injuries found in ma- 
chine-threshed material. This observation seems to prove rather 
definitely that macMne threshing is responsible for much of the injury 
found in bean seedlings. 

SUMMARY 


I 


Baby Lima beans are found to be very susceptible to thresher in- 
jury, In addition to baldhead, which has been described by Harter 
and shown hy him to be largely the result of thresher injury, the fol- 
lowing additional types are here described and illustrated. (1) One 
or both cotyledons may be broken from the embryo; or, in other cases 
116068—32 3 
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where they still adhere to the plant, they may be injured to such an 
extent that the food reserves are not efficiently translocated. (2) In- 
jury to the radicle results in its complete loss. In less severe cases 
it remdns attached but ceases to function. Its place is taken by 
adventitious roots which arise from the injured areas. (3) The 
hypocotyl may be broken, in which case, if the break is near the top, 
the cotyledons remain below ground when geimination occurs. 
Frequently the break is incomplete and heals as the seed genninates. 
This last type of injuiy does not materially retard the growth of the 
plant. 

Injuries of the types described were foimd to be present in all lots 
of machine-thresh^ beans examined and very abundant in some of 
them. In hand-shelled beans, injuries to the radicle and hypocotyl 
were completely absent, and injuries to cotyledons and plumule were 
far less frequent than in machine-threshea beans. Injuries similar 
to those found in machine-threshed beans were produced in hand- 
shelled ones by subjecting them to mechanical shock before genni- 
nation. The conclusion is drawn, therefore, that the defects found in 
baby Lima bean seedlings are the result of injury received in the 
threshmg machine. 



EFFECTS OF NUTRITION AND HEREDITY UPON LITTER 
SIZE IN SWINE AND RATS' 


By H. P. Moruis, Renearrh Aissistant,^ IHrinion of Agricultural Biochemistry, 
and Don W. Johnson, Caleb Dorr Graduate Fellow, Dwision of Animal Hus- 
bandry, Minnesota Agricultural Experinhcni Btalion * 

INTRODUCTION 

It is a eominon practirc with the laymen working with multiparous 
animals to select breeding stock, both male and female, but more 
particularly female, from large litters in the belief that the factors 
governing size of litter are inherited by the progeny from their par- 
ents. It is of considerable economic importance to know whether or 
not litter size can be increased by the selection of breeding stock from 
the larger litters. If tliere are environmental factors wdiich affect the 
size of litter, such, for example, as nutrition, then by improving these 
factors the breedc^r should be rewarded by an increase in the pro- 
ductiveness of his animals. 

RKVIKW OF LITERATURE 

Kommcl (/7) * foutid the average litter size of Poland C^hina sows f<»r 
the peri(»d 1SS2 ISSO to he 7.04 ])igs and for the ])eriod 1 SOS- 1902 
to b(» 7.7)2 pigs, an increase of ().4S pig per litter. Rommel and 
Phillips {18) observed that the average litter size' of 5-year-old 
Poland (^hina sows w’hs S.40 pigs, while the average litter size of 
yearling sow's w’as only O.Oo pigs. King (11) found that very young 
and very old female rats produced smaller litters as a rule than 
females of intermediate ago. She concluded that both age and 
physical condition are important factors in the determination of 
litter size. Johansson (9) and Keith (10) in studies with swine, 
and Green (J) in studies with mice, among others, have also observed 
increase in litter size with increase in age of dam. 

Wentworth and Aubel (2S) found no difference in the average litter 
size of “big-type” and “small-type” Poland China swine. Their fig- 
ures wrere 7.85 ±0.05 and 7.89 ^ 0.04, respectively. No data were 
given to show' the actual difference in the size of the tw'o types. 

Hammond (7) concluded tliat the low er fertility of young sows is to 
a large extent due to the smaller number of ova shed, since he found 
the average number of (*orpora lutea in eight young sows to be 
14.11:4 0.89 and in nine old sow^s 19.77± 1.20. Loeb (12) found that 
when guinea pigs w'ere underfed until they had lost up to 85 per cent of 
their &>dy weight the Graafian follicles failed to develop or developed 
only partly, resulting in failure to ovulate. The underfeeding 
produced temporary sterility. He did not, however, report the 
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length of time before normal ovulation recurred after normal feeding 
was resumed, Workers at the Cornell Agricultural Experiment 
Station (14) report the results of '20 years of selection in poultry. 
As a result of mating high-producing birds with high-producing birds 
on the one hand, and low-producing birds with low-producing birds on 
the other, two lines were developed showing marked differences in egg 
production. 

Rommel and Phillips (18), in a study of litter size in Poland China 
swine reported a correlation coefficient of + 0.06 ± 0.008 between the 
size of the litters in which the mothers were farrowed and the size of 
litters farrowed by daughters of these mothers. The correlation co- 
efficient decreased from + 0.108 ±0.014 for yearling to +0.032 + 0.037 
for 5-vear-old daughters. Rommell concluded that there was a small 
but definite tendency for fecundity to be inherited, although its 
influence tended to be lost with increasing age. Johansson (9) found 
no significant correlation between two different litters of the same 
sow, but when he correlated the average of the first four litters with 
the average of the fifth to eighth litters, he obtained a correlation 
coefficient of + 0.468 ± 0.07. He also found a correlation coefficient of 
+ 0.129 + 0.079 when he correlated the average size of the first four 
litters of the mother with the average size of the first four litters of 
their daughters. From an analysis of data covering 35 years obtained 
at one of the largest pig-breeding stations in Sweden, Johansson con- 
cluded that the fertility of the sow is affected by environmental in- 
fluences during growth and maturity. This explanation was made by 
Johansson to account for the variability in litter size which he found 
in his data but for wliich he was unable to account to an appreciable 
extent on the basis of heredity. Haines (6) obtained data on guinea 
pigs indicating that the environmental factors which influence size 
of litter are associated.* Pearson and Weldon (22), correlating the 
size of litter of mother and daughter, concluded that in mice there is no 
evidence that litter size is inherited. Keith (fO), working with 935 
litters of seven breeds of swine, found no significant correlation in 
relation to its probable error between the size of one litter and the size 
of the succeeding litter when each breed was considered separately, 
but when all seven breeds were combined he obtained a correlation 
coefficient of +0.34 + 0.03 between the first and second litters and of 
+ 0.367 + 0.04 between the second and third litters. WMe these 
correlations appear to be statistically sigmficant, they probably are of 
slight biological value because the large differences in litter size for the 
various brei^s which were combined increase the length of the corre- 
lation surface and therefore increase the correlation coefficient. To 
be of biological value such comparisons should be confined to litters 
produced within a single breed unless it is first shown that there is no 
significant difference Between the litter size of the breeds combined. 
It is possible that such a studv as this, carried out imder a carefully 
controlled environment, would give a different result. 

Simpson (20) believed, from the results of a cross between a wild 
Schwarzwald boar and a Tamworth sow, that there was a deflate 
tendency for litter size to be inherited as a dominant character. 
Wentworth and Lush bred six Tamworth sows to a wild boar, 
and biKx««se the average litter size was 7.67 pigs as compared to 11 for 
Tamworth breed, they concluded that Uie boar influenced the 
Isize of iiit^f Only 1 of the crossbred daughters reproduced, and she 
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produced but 1 litter, which consisted of 4 pigs. Since Wentworth 
and Lush found the result of their experiment in agreement with that 
of Simpson, they consider it suggestive of the dominance of the 
factors for wild litter size. Such results need to be verified by 
larger numbers, however, before the question is definitely answered. 

Harris (^), in an analyst of data presented by Wentworth and 
Aubel (24)t found a statistically significant correlation between the 
size of the litter in which a boar was farrowed and the size of the 
litters in which his daughters were farrowed. He also found a corre- 
lation of -f 0.121 ±0.022 between the size of the litters in which the 
grandsires and gi*anddams were farrowed. Both these correlations 
are as large as the correlation which Wentworth and Aubel found 
between the size of the sow^s litter and the size of the litter in which 
she was produced. There is no genetic reason for either of the two 
former correlations, hence one is led to question the source of the data 
from which the correlations were determined. Harris believed that 
such correlations might arise (1) through strains of animals of differ- 
ent breeders differing with respect to fertility, (2) through differences 
in the conditions under which breeders maintained their herds, pro- 
vided such differences affected litter size, or (3) through actual dis- 
honesty of certain breeders in reporting the size of litters for herd- 
book publication. 

Buchanan Smith (21), from a review of the literature, reached the 
conclusion that litter size is definitely inherited as a comparatively 
simple Mendelian doniinant, but says that perhaps hereditary factors 
are not as importaxit in determining litter size as good husbandry and 
the niothcring ability of the sow. His conclusions regarding the in- 
heritance of litter size as a simple Mendelian dominant appears 
unwan’anted in the light of the data at present available. 

Eyyard (2, 3) and Evvard, Dox, and Guemsej’' (4) found that 
nutrition was an important factor in determining the size of pigs 
farrowed, but they did not obtain significant differences in litter sizes. 

EXPERIMENTAL MATERIAL 

This study was made in an effort to discover (1) what relation, if 
any, exists between the size of the litter of which the dam formed a 
part and the size of litter that she produced, and (2) to determine 
whether size of litter is affected by the nutrition of the dam. Accurate 
records from a rat colony maintained by the nutrition laboratory of 
the Division of Agricultural Biochemistiy were available to the 
waiters. This colony is kept in a well-lighted room the temperature 
of wliich is maintained between 75® and 80® F. throughout the year. 
The animals are fed a diet of natural foodstuffs designed to produce 
normal growth and reproduction (1*5), In addition to the records 
from these above animals, the authors w^ere given access to data col- 
lected by L. S. Palmer and Cornelia Kennedy, from which it was 
possible to study the effects of a diet low in nutritive value upon the 
fertility of tlie dam.® Although the records were taken from an experi- 
m^t planned for another purpose it is believed that they are entirely 
suitable for tliis study because of the accuracy with which they were 

, * This diet consisted of 810 parts cereal grains, ,533 parts dextrin, 100 parts mxninerclal casein, 50 parts 
timothy hay, and 0.3 per cent cod-liver oil. CaCOt and Cas (POOj were included in the diet in such propor- 
ti^ BO as to give ceitain degrees of acidity and alkalinity and certain percentages of calcium and phos- 
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kept and because of the inbreeding that has been practiced. In this 
experiment the females were taken from the normal breeding colony. 
Most of them were virgin animals. They were placed on a .special 
diet and mated to proven males so that the influence of the sire 
would not be a factor limiting size of litter. 

A study of inheritance of litter size from an economic aspect was 
also made. Practically all the data for this study were taken from 
volumes 70 to 81, inclusive, of the herdbooks of the American Poland 
China Record Association, volume 81 being the last of the herdbooks 
obtainable at the Minnesota station. Most of the animals used in this 
study were born between 1918 and 1921. For a discussion of the! a<‘« 
curacy of herdbook data the reader is referred to McPhee {IS). 
He found that the herdbook data show fewer litters of 1 to 4 and 
9, 11, and 12 pigs than did the experimental data, but the frequency 
of litters of 8, in the herdbook data, was almost double that in the 
experimental data. Assuming that all herdbook data are inacimrate 
and to the extent noted by McPhee, it may yet be said that the inac- 
curacies affect the litters in which the dams were prodiured to the 
same extent that they affect the litters produced by those dams, 
and pi'obably would not, therefore, affect any correlation that might 
exist between the size of the dam’s litter and the size of the daughter’s 
litter. 

LITTER SIZE IN RATS 

The average size of littei*s for tlie various groups of rats was as 
follows: 

.\v(TttK‘^ miinbor 


«f rats tiorn jmt 
liltfr 

Group 1. Litters raised breeding colony diet; 304 flams from 

these litters wcr6 used in tlie exi>eriinent8- 8. 75 ± 0. 09 

Group 2. Litters produced by these dams per cent first litters) . 7. 51 ± . 10 

Group 3. Only first litters from 329 dams whose age at birth of 

young ranged from 62 to 200 days 7. 51 ± .10 

Group 4. One hundred and sixty-two litters produced by dams kept 
on a diet of low nutritive value and sired by proven 

males (34 per cent first litters) 5. 67 :t . 15 

Group 5. Litters produced by Fi hybrids. The hybrids resulted 

from crossing two unrelated strains (18 litters) 11. 06± .45 


The difference between litter size, in the various groups, where 
^di«. == + is as follows: 

Group 1 minus Group 2 ~ 1.24 ±0.14; Group 1 minus Group 4~ 
3.08±0.17; Group 2 minus Group 4== 1.84 ±0.18; Group minus 
Group 1 =2.31 ± 0.46. 

It will be observed that the average size of the dam’s litter (8.75 ± 
0.09) was significantly greater than the average size of litter produced 
by these dams (7.51 ±0.10). This difference is due largely to the fact 
that a higher percentage of the progeny litters were first litters, as 
niay be seen by comparing the average size of these litters (Group 2) 
with the average size of first litters (Group 3). The litter size is the 
same in both groups. If, however, the average litter size in Group 1 
is compared with the average litter size in Group 4 (the group on a 
diet m low nutritive value) a difference of 3.08 ±0.1 7 is found — a 
diff^hce which is highly significant. Thus it is apparent that 
j^virotunent may prevent the genotype from expressing itself, for the 
in these two groups were bom from the same stock and 
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should have produced litters of tlie same size. Tliere is also a signifi- 
cant difference between the average litter size of Groups 2 and 4. 
In Group 5, which consisted of litters obtained from F, females pro- 
duced by crossing two unrelated strains of inbred rats, there is a 
significant increase in litter size, which must have come about 
through the influenc^e of hybrid vigor. 

Although Group 5 contained too few litters to make the difference 
observed between Groups I and 5 conclusive, the results do indicate 
the possibility of increasing litter size by crossing two inbred strains 
and following it by selection. 

Figure 1 shows the correlation surface for the litter size of the dams 
(Gi’oup 1) when compared with the size of the litters which they pro- 



dam 

duced (Group 2). The correlation coefficient for this figure is of the 
same order as its probable error, and is essentially zero. Figure 1 
shows the high vanability of litter size of the progeny from any class 
of mothers. It may be concluded from the data here shown that 
selection of dams from large litters has little influence upon size of 
litter in rats. 

Various workers have found that there is an increase in litter size 
with the increase in age of the dam. Figure 2 shows a frequency sur- 
face for the size of first litter for female rats at various ajges. These 
data give a correlation coefficient of +0.10 ±0.04, an insignificant 
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value for the numbers studied. This finding is in agreement with 
that of Johansson (d) in regard to £he relation between age of dam 
and size of first litter in swine. To determine whether the size of the 
second litter of rats is related to the size of the previous litter, all the 
second litters, 74 in number, were correlated with the first litters. 
The resulting correlation coefficient was +0.24 ±0.07. While the 
correlation is not large and is not based on a large number of litters, it 
does indicate the possibility of increasing litter size by selection. 

LITTER SIZE IN THE POLAND CHINA BREED OF SWINE 

From the American Poland China Record 1,035 litters were selected 
at random. Most of these litters, it will be recalled, were born between 



1918 and 1921. The average size of the dam’s litter was 8.69 ± 0.047, 
whereas the average size of 1^035 litters produced by them was 8.57 ± 
0.048. A companson of these values with those of Rommel (17) 
^ows an increase of slightly more than 1 pig per litter during the 
time that elapsed between Rommel’s investigations (1898-1902) and 
those herein reported (1918-1921). The difference in litter size of 
± 0.05 between these two groups is very significant. This differ- 
k found to exist rather umformly for all ages of the dam up to 60 
ifbonths^ as shown in Figure 3. It wiU be rememUred that Rommel 
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found for tlio earlier period an average size of litter in this breed of 
7.52 pigs. This was an increase of 0.48 pig per litter for the period 
1898-1902 as compared to the period 1882-1886. The fact that there 
has been more than twice the increase in fertility in the Poland China 
breed from 1900 to 1920 than from 1880 to 1900 would indicate that 
the factors affecting litter size had had a greater influence during the 
fonner period than during the latter. This suggests the possibility 
that the change in type which occurred from 1900 to 1920 may have 
been a factor contributing to this increase in size of litter. It will be 
remembered, however, that Wentworth and Aubel did not find any 



Fkr'rs 3.— Average iiuailier of pigs produced per litter by Poland China sovrs ranging in from 
12 to 60 months. The broken lino repre.sents results reported by Hommel and Phillips for the year 
1002, the solid line those .secured from herdbook records (or litters born between 1018 and 1021 


difference in litter size between the large and small type of Poland 
China swine. 

A correlation coefficient showing the relation between the size of 
the dam’s litter and the size of the litter which she would produce 
was found to be +0.11 ± 0.02. There is no significant difference be- 
tween this correlation and the correlation which Rommel and Phillips 
found in 1906 in the Poland China breed. From a study of the fre- 
quency surface for this correlation as shown in Figxu*e 4, it may be 
concluded that the selection of dams from large litters would have but 
a slight effect upon the litter size of their progeny. Since Rommel 
and Phillips found a greater correlation coefficient for young dams 
and their progeny than for older dams and their progeny, it was 
decided that this correlation coefficient should be corrected for the 
influence of age of dam upon litter size. When this was done by the 
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partial correlation coefficient method, it was found that 
+ 0.092 ±0.02.® Only a slight decrease in the correlation coefficient 
was thus obtained when the age of the dam was made constant. 

Since in Figure 3 there was a gradual increase in litter size with 
increase in age of dam up to 60 months, it was thought that there 
should he a fairly high correlation between age of dam and size of the 
litter that she would produce. This correlation was found to be 
■f 0.31 ±0.02, which is signihcant. These data, therefore, further 



verify the fact previously shown that there is a gradual increase in 
fertility of sows up to the age of 60 months. 

Johansson (P) found a somewhat larger average litter size for sows 
farrowing their first litter at 14 to 16 months than at any other age 
up to 22 months, but considering the numbers with which he worked 
the differences he obtained were not statistically significant. The 
correlation between age of dam and size of first litter for 262 dame 
ran^ng in age from 10 to 15 months, inclusive, was also found in this 
stuav to be statistically insigmficant. This is in agreement with 
Keith’s (10) findings and also in agreement with the data for rats 
piesented in Figure 2. 

fa«wige of dam, of dam’s Utter, 4<"8lte of daughter’s Utter 
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DISCUSSION 

The number of animals bom to a multiparous mother is influenced 
to a lar^e extent by the physiological condition of the female before 
and at the time of oestrus. Haines (6) in stiidies of guinea pigs 
found that the major factors controlling litter size operate at con- 
ception. He found also that litter size is generally small from Janu- 
ary to April, while from June to November it is unusually large. It 
seems probable that this difference is due largely to the nutrition of 
tlie mothei-s, for it is much easier to procure suitable green feed in 
summer than in late winter or early spring. 

The size of litter depends primarily upon the number of ova winch 
are nJeased and which be<‘ome fertilized. Parkes and Drummond 
{10} believe that any male cajiable of producing viable sperm is 
capable of fertilizing all of the ova produced. Warwick (23) ^ in an 
examination of 3,9fl7 fetuses, found 3.68 per cent in various stages of 
degeneration. It is not known, of course, to what extent heredity 
and environment, respectively, may account for this. There are 
man}^ physiological conditions which affect the general health of the 
animal, and which would result in a smaller litter size. The data 
pjesented in this paper show that in the case of rats poor nutrition of 
the dam is one of the major factors afl’ecting the number of young 
born per litter. It seems very probable, therefore, that improved 
feeding methods have influenced the measurable increase in litter 
size of the Poland (^hina breed during the years 1885 to 1900 and 1900 
to 1920. 

Differences in litter size of breeds of swine have been definitely 
established by Bitting (7), Kommel (17), and Severson (19), Sever- 
son reported a litter size of 8.2 for Poland (’hinas, Keith (10) 
found 7.91 during the period 1903 1925, Kommel reported 7.52 in 
1 906, and the present study shows 8.69. Such results as these suggest 
that there mav be differences in litter size witliin a breed, an idea 
that is in keeping with the theory advanced by Harris (8) that strains 
of animals from different breeders may differ wdth respect to fertility. 
This difference, if it actually does exist, may not indicate any real 
difference in the fertility of the strain in question but may be ex- 
plained upon a nutritional basis, that is, sows maintained at different 
locations and by different breedei-s may also be maintained on difl'er- 
ent planes of nutrition. Tliis idea is supported by the studies of 
Johansson (9)^ who found that there had been no change in litter 
size at Bondeson’s pig breeding station in Sweden for 35 years, where 
undoubtedly tlie best feeding practices WHU*e employed at all times. 

If the size of litter is a valuable criterion in the selection of breeding 
stock, then the number in the litter of wdiich the dam was a part 
should give an indication as to the size of litter that she will produce, 
and tlie size of the first litter should give an indication of the size of 
subsequent litters. The present study with rats and Johansson^s 
study with swine show that the average size of litter produced by 
all individuals born in litters of any given size, as 10 for example 
(figs. 1 and 4), will be the average size of litter for the breed or species 
studied. The same is true of the size of second litters produced by 
dams all of which had produced the same size of first litters. This 
can be accounted for by environmental factors which affect litter size. 
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It does not, however, disprove the idea that litter size is or may be 
inherited, for it is well known that breeds differ with respect to litter 
size. 

SUMMARY 

A study of 1,035 litters of Poland China pigs, as derived from herd- 
book records, shows that there was an increase in average litter size 
amounting to one pig per litter in this breed between 1900 and 1920. 

The swine data show an increase in average litter size with increase 
in ap of dam up to 60 months. 

The correlation coefficient between the size of litter in which the 
dam was born and the size of litter produced by her was very low in 
swine and essentially zero in 364 litters of rats. 

The nutrition of the mother rat has a pronounced influence on the 
size of litter that she produces. Small litters result when the female 
is maintained on a poor diet. 

The correlation coefficient obtained between age of dam and size 
of first litter in both rats and swine was found to be statistically in- 
significant. 

The data used in this study show that, because of the influence of 
environmental factors on litter size, the size of the first litter is not 
an accurate indication as to what will be the size of subsequent lit- 
ters. Consequently, while the data indicate the possibility of increas- 
ing litter size by selection, the size of the first litter should not be 
taken as the standard by which to select stock for breeding purposes. 
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CORRELATIONS OF CERTAIN LINT CHARACTERS IN 
COTTON AND THEIR PRACTICAL APPLICATION * 


By G. N. Stroman 

Associate Agronomist ^ New Mexico Agricultural l^pvrime/nt Station 

INTRODUCTION 

(Correlation is a tool that the plant l)reeder has long used in his 
efforts to breed desirable characters into new varieties. In relatively 
few instances, however, has correlation been of very great practical 
importance to plant l)reeders. In most (*ases the simple correlation 
coefficients alone, \inless exceedingly high, have in themselves little 
value except as a means of calculating the partial, or net, and multiple 
correlations. For correlation coefficients to be reliable it is necessarj" 
that there be included in the calculations all measurable factors that 
might exert an influence on the partictilar character desired. When 
several characters or variables are used in the cahuilations it is not 
uncommon to obtain a high positive or negative simj)le correlation 
coefficient that will be entirely reversed when the partial or net cctrre- 
lation <*oefficient is cojnputed. 

This pa])er reports data on the relationships of ]>ercenfage of lint, 
lint index, boll weight, and length of lint in certain related fajuilies 
of cott<m. The simple and partial correlation coefficients between 
each of these characters are given, as are als<^ the multiple correlation 
coefficients where each of the characters is used as the primary. The 
practical application of the data to breeding procedure is shown. 


MATERIALS AND METHODS 


In the spring of 1929 seed of a hybrid plant raised on the agronomy 
fann of the New Me.xico Agricultural PLxperiment Station was planted 
under the number 179. The progeny segregated for practically all 
the characters of the cotton plant, l^robably the hybrid was an 
upland-Egyptian cross, as it exhibited characters of both types. The 
families shown in Tables 1 to 3 were grown in 1930 from difi’ei-ent 
individual plants of No. 179. 

The plants grown in 1930 were harvested in the late fall after most 
of t he bolls had opened, and the cot ten was t hen ginned on a sjnall 
S-saw g^n. The percentage of lint was calculated from the weight of 
(‘lean lint and clean seed. The lint index was calculated from the for- 


, Weight of 100 seeds X per cent lmt^„. , 

mula: - ■ : — K “ (<S0.“ 1><)11 weight w^as calcu- 

rer cent seed 

lated as the weight of lint in grams per boll. Length of lint was meas- 
ured in sixteenths of an inch. 

The correlations were calculated by the usual methods. The 
simple correlation coefficients were determined first and from these the 
multiple and partial correlations were obtained. 


^ RecoivfHl for pu>)licat{on July 1ft. 1H31; issuiKl May. 

^ Rdforonce is made l>y niimnor (italic) to Literature Cited, p. 527. 
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THE DATA 

The mean, standard deviation, and range are given in Table 1 for 
each of the characters for all the families. The simple and partial 
correlation coefficients between the four characters for each family are 
shown in Table 2, and the multiple correlation coefficients in Table 3. 


LINT PERCENTAGE. LINT INDEX. AND BOLL WEIGHT 

An examination of the partial coefficients shows that percentage of 
lint and lint index, as well as lint index and weight per boll, are sig- 
nificantly positively correlated; but the coefficients for percentage of 
lint and boll weight range from fairly positive to fairly negative. 


Table 1. — Hanger mean^ and standard deviation of percentage lintf lint index, boll 
weight, and length of lint of nine sister families of cotton 


1 

1 

i 

Family No. 

j her of 
{Plants 

Percentage lint 

1 

Range | M<^ 

Standard 

deviation 

33 ‘ 115 

36 68 

37 ! 53 

46 i 60 

47 1 50. 

60 ! 85 

69 ! 77 

04 1 127 

1 

1 

14-41 3I..Vfc0.3 1 

14-41 i 28. 4:1: . 5 ! 
20-38; 20 . 63 b .4 i 
16-41 20. (y: .5 

12-40 { 28.2d: .6 
3-30 27.8* .6 

23-.30 3].4d:.2 

12-42 i 33.4:±: .3 
6-42 j 3a4:i: .4 

1 

4. 0:1:0. 2 

а. 0± . 3 
4.2± .3 
5.2± .3 

б. Idb .4 
H.6± .5 
3.43h .2 
4.2± .2 1 
6.6db .3 


Lint index 


Range 



Standard 

deviation 


1. .V 0. 5 ! 6. 15=b0. 12 1. K4:t0. (W 

j 3.78at .1.3 l.C4i .(lU 

2..V8.5 I 4.67± . 1.3 l.fiOi.lO 

1. JS-8.6 i 4.60=fc .I,** ' 1.773b .11 

I 4.4flHb .19 2.(}2dt .14 

.5-9. r> I .3.08±' .1ft 2.0r)± .11 
3. 5-0. ft 1 .3.77i: .00 1. IH± .Oft 

2. .VO. .') 5. 05:i: . H 1 . 37± . 07 

. .VO, 5 5. 05± . 12 1.93db .0« 


Karally No. 

Boll weight 

{ I.int length 

1 

Range 

Mean ' 

Standard 

deviation 

Range 

Mmu 

Standard 

deviation 


0-3,0 

1.60^30.06 

0.72d:0.03 

16 26 

10. 0:1:0. 00 

].41d:a00 

36.. 

a-2,5 

.82d: .04 

.51:b .03 i 

13-26 

1H.5± .2 

2. 7 =t . 2 

37 

0-2.5 

.92^3 .05 

.54± .04 1 

16-26 

21. 4:1: . 2 

2.5 ± .2 

46 

0-2.5 

].]3:t .06 

.62± .04 

16-24 1 

10.1rb .2 

2.0 ± .1 

47 

0-2.6 

.03d= .6 

.63db .04 

16-23 1 

18.8:1; .2 

1.8 d: .1 

53 .. 

0-3.0 

1.33:1: .06 

.73db .04 

14-23 

1 10. 2± . 1 

1.7 i: . 1 

60 

6-3. 6 

LlOd: .04 

.61± .03 

15-22 1 

1 10. Id: . 1 

1.6 d: ,1 

69 

6-3.0 

].48d: .04 

.52± .m 

15-24 i 

i 18,8d: .1 

1.7 ± .1 

94... 

0-4.0 

1.22db.04 

.68± .03 

14-27 

20.8d:.l 

2. 4 d: . 1 


Table 2. — Simple and partial correlation coefficients between percentage lint, lint 
index, boU weight, and lint length in a series of relaxed families of cotton 


Family No. 

Num- 
ber of 
plants 

AB.CD - 

AC.BD • 

AD.BC « 

BC.AD • 

BD.AC - 

CD.AB • 

Simple 

Net 

Simple 

Net 

Simple 

Net 

Simple 

Net 

Simple 

Net 

Simple 

Not 

33 

115 

-H).76 

+a48 

a77 

a 41 

111 

WHl 

0.8^ 

Ri 

lilil 

mm 

-0.04 

a 17 

36 

68 

.79 

.63 

.61 


-.45 

-.51 

.71 

.41 

-.19 

.20 


.16 

37 

53 

.61 

.46 

.43 

-.03 

-.29 

-*30 

.76 

.69 

-.09 

.19 

-.17 

-.15 

46 

60 

.86 

.55 

.70 

.34 

-.11 

01 

.83 

.56 

-.08 

.38 

-.83 

-.52 

47 

50 

.80 

.68 

.67 

-*04 

.14 

-.03 

.86 

.72 

.21 

.06 

.21 


JW 

78 

.01 

.64 

.35 

te 

— ai 

—.06 

.90 

.61 

—.32 

—.07 

—.28 

.01 


86 

.74 

.72 

.47 

mtM 


— .W 

.84 

.83 

.03 

-.04 

.12 

. 13 


77 

.72 

1 .30 

.81 

.62 

-. 16 

-.38 

.76 

.38 

•081 

.13 

.07 

.26 


127 

.86 

.76 

.56 

-.18 

-.39 

-.17 

,74 

.62 

-.38 

-.13 

-.09 

.21 


• A, per eftotltat; B, lint Index; 0, weight per boU; D, length of lint. 
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Giiffee, Ligon, and Brannon (3) report simple high correlation 
coefficients between the above-mentioned characters similar in size 
and direction to those reported here. Their simple coefficient 
— 0.872 ± 0.037, between number of bolls per pound and weight of 100 
seeds was reduced in the partial correlation coefficient to 0.159 ± 0.151 
when four other characters were held constant. The number of bolls 
per pound refers to boll weight, and the weight of 100 seeds to lint 
index, although they are not exactly the same. 

Kearnev (5), working with Pima cotton, obtained significant posi- 
tive simple correlations between each pair of the three characters 
percentage lint and lint index, lint index, and boll weight, and percent- 
age lint and boll weight. 

The present writer (f 0), in a study of 7 varieties of cotton at the New 
Mexico station, obtained partial coefficients between percentage of lint 
and boll weight similar to those reported here. In 4 of the varieties 
fairly significant po.sitive correlations were obtained, in 1 variety the 
correlation was barely significant(0.20i:().07), in 1 variety it was not 
significant (0.06 ± 0.07), and in 1 variety it was negative ( — 0.25 i 0.07). 

Hodson (2) reported simple coefficients for lint percentage and boll 
weight, 1 negative (- 0.45 f 0.09), 1 positive (0.40 ±0.06), and 3 that 
were not significant. 

The genetic factors expressed in percentage lint and lint index, and 
lint index and boll weight seem to be the same; or, if different, they 
are closely linked. However, there are genetic factors other than these 
expressing themselves on each <*haracter, since the degree of correlation 
is not high enough to bo explained on the basis of complete linkage of 
all the genes involved. 

The relation of percentage of lint and boll weight may be explained 
on the basis of two linked genes with crossing over, the other genes 
being independent. Certain of these genotypes would segregate into 
a repulsion phase, others into the coupling jihase, and still others into 
an independent phase in w hich only one of the linked ^enes would be 
present. In these nine sister families this could easily explain the 
range of the partial correlation coefficients from 0.62 to 0.40. Still, 
it seems logical to assume that if A and B ® are correlated and B and C 
are coi related, A and C should be correlated. This was the case with 
the simple coefficients, but when the partial coefficients w^ere obtained 
only three families were found to exhibit significant positive correla- 
tions. Genetically, then, there must be one gene of C linjked with one 
of A that is not accounted for in B, whose true coefficient is covered up 
by the common association of the others. 

LENGTH OP UNT AND OTHER CHARACTERS 

In regard to length of lint and percentage of lint, most writers 
3, 5, 7, 9, 10) have reported significantly negative correlations, 

but some writers (4, 10) nave found also a number of correlations 

that are not significant. Kottur (6^), working wdth Indian cottons, 
reported independent inheritance in these two characters. In the nine 
sister families of the present study the correlation coefficients ranged 
from — 0.61 to — 0.01 . The high negative correlation may be explain- 
ed on the basis of two factors closely linked. One of these affects 
percentage of lint and the other length of lint. The coefficients show- 
ing no correlation may be explained as the expression of certain factors 
where not more than one of the linked genes is heterozygous, 
xiss es * ' ■3 2— 4 
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The simple correlations of B and D are similar to the partial coirc- 
lations of A and C, although the significant correlations are not so high. 
These simple correlations agree with those obtained by Kearney (6) 
on three populations of Eg3rptian cotton, where the coefficients were 
0.360 ± 0.055, — 0.132 ± 0.038, and — 0.361 ± 0.085. Hovrever, the par- 
tials of B and D reported here show only two families with significant 
correlations and in no family was there a significant negative correla- 
tion. The genetic relationships of these two characters must be 
similar to those indicated for A and D, except that negative correla- 
tions between A and D were found, whereas the significant correlations 
between B and D were positive. 

While the relation of C and D is similar to that of A and C, shown 
above, the one significant positive correlation is not very high, being 
only 0.26 ±0.07. 

MULTIPLE CORKBLATIONS 

The multiple correlations for the nine families are shown in Table 3. 
These coefficients vary greatly ac(*ording to the family, as might be 
expected in progenies produ<*ed by different genotypes. 

Tablk 3 . — Multiple correlation coefficients of percentage Unit lint indeXy weight 
per holly and lint length when each is used as the primary 



PRACTICAL APPLICATION OF DATA 

In practical breeding procedure the partial correlation coeffi(‘ionts 
shown above are of some importance. Espe(‘ially is this true of th<^ 
relationship between lint percentage and length of lint. Cotton 
breeders have long ret^ognized the negative correlation existing 
between percentage of lint and length of lint. Both of these charac*- 
tei’s are important to the commercial breeder because of the fanners’ 
demand for a high percentage of lint and a good length of staple. 
The negative correlations obtained by most investigators have dis- 
couraged some breeders. Of course, if a breeder were selecting wdthin 
a relatively pure strain for these particular characters and there was a 
negative correlation, it would be doubtful whether he could obtain 
both high percentage of lint and good length of staple, even with 
exceedingly large numbers. On the other hand, should there be no 
correlation, the maximum possibilities could easily be attained. 

In regard to the relationship of percentage lint with boll weight, 
which certainly shows genetic correlations (i^ three courses would be 
open to the breeder. In the case of the families showing positive 
correlations he would merely take for further testing those individuals 
with high percentage lint and high boll weight and the chances would 
be good that some would prove to be pure the following year for the 
characters desired. This would also be true for the families showing 
negative correlations, except that the individuals high in both char- 
imte^ would probably not be veiy numerous, and therefore a longer 
time wbphl be necessary to obtain the desired characters. In the case 
ol the nbneorrelation families the matter is one of individual selection 
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and testing, which will require only fairly large numbers in the 
breeding program. 

With respect to the three charactei*s — percentage of lint, lint index, 
and boll weight — high simple cx>rrelations are obtained between each 
pair; so that in the families in which fairly high partial correlations 
are found between each pair of the three characters, a breeder using 
moderately large numbers would be justified in considering only one 
of the three, for by selecting for one he would automatically obtain, to 
a certain extent, the others as well. 

SUMMARY 

Data on nine sister families showing the correlation relationship 
between lint percentage, lint index, boll weight, and length of lint are 
reported. 

The families studied sprang from a h3d)rid plant, which was prob- 
ably an upland-Egyptian cross. 

The mean, standard deviation and ratigc are given for all four 
characters for each of the nine families. 

Simple and partial correlation coefficients are shown between' all 
characters for each family, and multiple correlations, using each 
character as the primary, are given for all families. 

These data arc discussed both from the standpoint of genetics and 
from that of the practical breeder. I^int percentage and length of lint 
are considered especially in relation to the other characters, and their 
practical importance is pointed out. 
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A SIMPLE METHOD OP CONSTRUCTING TREE VOLUME 

TABLES • 


By D. B. Deheritt, Auociate Professor of Forestry^ and A. C. McInttre, In- 
structor in Forest Research^ Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

A volume table shows for a given species the average contents of 
trees of different sisses In the past, most volume tables have 

been constructed by separating the field data or samples into diameter 
and height classes, plotting the class averages, drawing smooth curves 
and harmonizing them with each other. 

Recently Reineke and Bruce ® have referred tree volume to that 
of modified cylinders or frustums of ideal solids in the construction 
of alinement chart volume tables. Three factors, diameter, height, 
and form of tree, affect tree volume. WitWn any diameter-height 
group variations in fonn produce corresponding variations in volume. 
These three factors are haimonized through averaging, and the 
resulting table presents the assumed average trees for the universe 
from “which the sample was taken. 

If the sample is a true average for the whole and the mathematical 
and mechanical work of computation and curve construction have 
been carefully done, tlie other parts of the unit from which the sample 
came can be measured correctly by using the resulting tabular tree 
volume table or alinement chart volume table. 

Bruce (<^), Bruce and Reineke (5), and Reineke (7) have shown 
how alinement charts may be employed in the solution of other prob- 
l(?ms in forest mensuration. The development of the technic out- 
lined in this paper was suggested by their articles. 

Alinement charts have certain advantages over the older methods 
of volume table construction. Because of the fact that all of the 
data are used in the constniction of a single curve, better curve 
definition results and fewer data are necessaiy. 'WTieji data are 
deficient in a few diameter or height classes, the projection of the 
curve through these points, connecting with points having sufficient 
w^eight, is possible. It should be remembered, however, that usually 
the ends of the curves are defhied by the smallest number of samples 
and extensions are open to error. Less time is required by the aline- 
ment chart method. 

PROCEDURE 

A knowledge of the several types of graph paper is assumed. In 
the preparation of alinement charts involving multiplication or 
division, some form of logarithmic paper should be used. The scales 
on such paper simplify me mechanical work of graduating the axes 
and make logarithmic computations unnecessary. 

The present technic of volume table construction is based upon the 
use of log.-log. paper, since tree volume computation involves a 
multiplication. The equation of this multiplication is 2/= ox* ihf). 


< Received for ptiblioation July 27, 1031; issued May, 1032. 

* Reference Is made by numbers (italic) to Literature Cited, p. 680. 

sRbinbkb, L. H., and Brucb, I>. thk preparation of aunemknt chart volume tables. 
[Unpublished manuscript, Forest Service.] 
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in which y equals volume, a is a constant, x is the diameter, 2 is the 
exponent of x, h is height, and/ is foim factor (5). The substitution 
of different values of x in this equation, allowing height and form to 
remain constant, produces a parabolic curve. A parabolic cui*ve on 
log.-log. paper plots as a straight line. 

To simplify the explanation of the technic presented, there are 
included in this paper the average values from a sample of 209 red 
oak (Quercus borealis niaxima M.) trees sec\ired on five logging opera- 
tions in central Pennsylvania. The data were collected in the usual 
manner (i), and the tree volume^ were computed by cubing the logs 
according to Smalian's parabolic frustum fonnula. The d. b. h. 
(diameter at breast height measured at 4.5 feet above ground level) 
taken outside bark, is an average to the nearest tenth inch of two meas- 
urements taken at right angles to each other with tree calipers. Heights, 
in feet, were measured from the ground level to the tip of the niain 
stem. The volumes shown are total volumes inside bark contained 
in the stem and limbs, in cubic feet. Volumes do not include stump. 
Utilization is to a 2-inch top inside bark. 

The data, charts, and tables presented are used only for purposes 
of illustration. Additional samples for this species should be obtained 
if final charts and tables are to be constructed. 

ARRANGING THE DATA 

The trees are first classified and listed by d. b. h. height classes. 
Column totals for each class are then obtained. This method neces- 
sitates only one listing of the data mid reduces computing time by 
nearly on^half. The imits of classification are entirely arbitrary. 
In this case the d. b. h. classes used are 3.5 to 4.4 inches, 4.5 to 5.4 
inches, etc., and the height cl asses are 30 to 39.9 feet, 40 to 49.9 feet, etc. 

The data are then classified by d. b, h. classes regardless of height 
(Table 1, columns 3, 4, and 5). The totals found in the first classi- 
fication are used, and the number of trees involved in each class are 
noted. The number of trees, d. b. h., height, and volume for each 
d. b. h, class are totaled and averaged. 

In the same way, the trees are classified by height classes regard- 
less of d. b. h. (Table 2, columns 2, 3, and 4) and the average total 
height and volume in each height class computed. The totds com- 
puted in the first classification are again used. 


Table 1. — Classification of trees by d. 6. k. regardless of height 


D. b. h. class (inches) 

Trees 

Total 
d, b. h. 

Total 

height 

Feet 

220.9 

180.6 

66.0 

Actual tiee 
volume 

9.33 

7.42 

2.43 

Form 

factor 

Tabular 

volume 

(Hi.fL 

9.89 

7.41 

2.32 

1 

Number 

6 

4 

1 

Inches 

26.2 

16.9 

4.3 


1 

Total 

Average 

1 


11 

47.4 

4.31 

466.4 

41.49 

19.68 

J.79 

6.4^ 

19.62 

1.78 

3 

3 

14 

14.0 

16.9 

1 72.1 

IotTo * 

157.6 

626.1 

6.34 

3.98 

36.81 


6.46 

1 9.69 

86,60 

1 

Total 


30 


390.6 

44.63 

60.68 

2.63 


61.64 

I 

Average 

HB3I 

1 

. . 

2 

9 

4 

U.8 

68.0 

24.9 

76.6 

430.6 

213.6 

4.93 

32.69 

18.98 


6.90 

82.78 

18.28 

1 

Thtal - 


16 

39.7 

6.98 

7ia6 

47.97 

66.67 

3.77 


86.91 

3.79 



.404 
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Table 2. — Classification of trees by height regardless of d. h. h. 


Height class (feet) 



OraiM) total. 



! Total 

Actual tree 

Tabular 

i height 

volume 

volume 

: Feel 

Cu.ft. 

Ou.ft. 

, 220.9 

9.83 

9.89 

107.0 

5.34 

5.45 

75.6 

4.98 

5.90 

39.5 

3.37 

4.04 

37.6 

4.42 

4.9.5 

430.5 

27.80 

30.23 

36.96 

2.14 

2.32 

180.5 

7. 42 

7. 41 

626.1 

36.31 

36.60 

430.5 

82.60 

:12. 78 

226.0 

20.42 

23. 52 

133.6 

23.66 

20.98 

146.4 

30.25 

27.55 

45.5 

12.66 

10.70 

45.5 

11.54 

12.86 

1.834.1 

174.86 

172. 39 

45.85 

4.37 

4.31 

55.0 

2.43 

2.32 

157. 5 

8.98 

9.69 

213.5 

18.95 

18.23 

883.4 

96.23 

99.17 

940.6 

i:i3. 74 

134.22 
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GRADUATING THE DIAMETER AXIS 

On log.*-]og. cross-section paper, with the abscissa as d. b. h. and 
the ordinate as volume, the average values obtained in the second 
classification (Table 1) are plotted. A curve is fitted to the plotted 
values after proper weights have been assigned, as shown in the left- 
hand curve of Figure 1. It may be shown that the variation in the 
points from a smooth curve is due to differences in the height and form 
factor of the average tree. Column 6 in Table 1 shows the cylinder 
form factor of the average tree in each class. Figure 2 shows the 



Floras l. -Curves showing method of establishing diameter and height axes 


extent of these variations and their relation to diameter. It is readily 
seen that slight changes in form and averse height cause the plotted 
points to deviate from a smooth curve. The diameter classes above 
12 inches show more radical changes in form factor, hence greater 
deviation from the trend of the other plotted values. In cases where 
more data are available the curve tends to become smoother owing to 
better sampling. /• v- 

By using any convenient point near the left of the paper (m this 
case at abscissa value 2) the d. b. h. axis is established. If, now, the 
d, b. h. volume curve is used as a graduating curve, the graduations 
for d. 1). h. may be placed on this axis. Even inches only are grad- 
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uated in Figure 1, to avoid confusion. The graduations are obtained 
by tracing vertically from the desired d. b. h. value on the abscissa 
to the graduating curve iiitersection, then horizontally to the axis. 
The dotted line (fig. 1) X-Y-Z shows the method of locating the 6.5- 
inch graduation. 


GRADUATING THE HEIGHT AXIS 

Utilizing the values obtained in the third classification (Table 2), 
a curve of volume on height is plotted. Volume is the dependent or 
ordinate value and height is the independent or abscissa value. Se- 



Fjqube 2, —Curve showing extent of tree volume variations and average form-foctor values for 
eadi diameter class 


lecting any convenient point near the right side of the graph paper, 
the height axis is set up. Using the height-volume curve as a grad- 
uating curve, the height values are placed on the height axis in the 
same manner as for the d, b. h. axis. iWain, divergence of the plott^ 
values from a smooth curve is due to mictuations in the form factor 
of the average tree in the height classes. 

LOCATING THE VOLUME AXIS 

j volume axis in cubic volume tables, any convenient 

C b. K md height may be assumed and the volume of a cylinder of 
weto mmensions computed. Another cylinder 2 or 3 inches larger or 
s^iiEe^ than the first is then assumed and tihe height necessary to pro* 
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duce a cylinder having a volume equal to that of the cylinder first 
assumed is computed, (Construction lines between the d. b. h. and 
height values of these two cylinders are drawn, and the intersection 
of the two lines in the location of the volume axis. Repetition of this 
j)i‘Oces8 for several assumed d. b. h. height values will show tlie exact 
position of the axis. 

It W'ill be foiiiid in this case that the volume axis is parallel to the 
d. b. h. and height axes and nearer to the d. b. h. than to the height 
a.xis. Its exact location depends upon the range of the d. b. h, and 



FiCii'RK 3.— Methwl of estobUshing values which locate the volun>e graduating curve. This drawing 
shows the form of an alineinent chart voliiiiie lalde 


height values and the spacing of their respective axes. A check of 
the location of volume axis is necessaiy in constructing a volume table. 

GRADUATING THE VOLUME AXIS 

Utilixing the average values in Table 1 (C^oluimis 3, 4, and 5), 
place a straight edge on the d. b. h, and height values and mark Uie 
intersection on the volume axis, as showm by the dotted construction 
lint^s for the 6-inch and 13-inch d. b. h. classes in Figure 3. Using the 
abscissa as the actual tree volume, the average volume value is plotted 
on the abscissa horizontally opposite the intersection obtained by the 
pairing of the average d. b. h.-height values. The double dot and 
dash construction lines in Figure 3 show the method of locatmg the 
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volume values for the 6-inch and 13-inch classes, and these are re- 
spectively weighed with the number of trees in those classes. 

A smooth curve is fitted to the plotted volume values thus obtained. 
It will be noted that the divergence from a straight line in these 
plotted values is less than in the case of the first curve, since d. b. h. 
IS now associated with height, and the latter tends to influence the fonn 
factor in the reverse direction. 

The volume graduations may now be placed on the volume axis, 
the volume curve being used as a graduating curve. In Figure 3, 
the major volume values are shown on the volume axis. 



Fioure 4.~''Curve showing relation of tabular volume to actual tree volume 

DETERMINATION OF ACCURACY 

In order to check the accuracy of the graphic work (4) and to de- 
tenume the limits of applicability of the table, it is necessaty to read 
the completed chart the volume of each individual tree used in 
its construction. 

To determine the volume of any tree, a straight edge is laid on the 
ehftrt intersecting the d. b. h. and height values on their respective 
uxesi^ The volume of the tree is read at the point where the stnught 
ed» intersects the volume axis. These values are shown as tabmar 
values in column 7 of Table 1. 
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For purposes of comparison with the actual tree volumes, the tab- 
ular values are totaled bjr classes. The grand total of the actual tree 
volumes is compared with the grand total of the tabular volumes. 
To compute the ‘‘aggregate percentage deviation of the table, the 
difference between the actual and tabular volumes is obtained. This 
difference multiplied by 100 is divided by the total volume of the ac- 
tual trees. A plus or minus sign is assigned to the result depending 
on the greater volume, tabular or actual. 

The usual limit of accuracy for standard volume tables applicable 
over a large area is 1 per cent. In this particular case the aggregate 
percentage deviation is —0.134 per cent, which is well within the re- 
quired limit. 

A low aggregate deviation docs not necessarily mean that the table 
as constructed is accurate, since too low volumes in the smaller diame- 
tf?rs might offset too high volumes in the larger diameters, or vice 
versa. A graph of tabular volume (Table 1, column 7) plotted on 
actual tree volume (column 5) on log.~log. paper will plot as a straight 
45-degree line through 1~1 provided the work is correct. Figure 4 
shows a graph in which the plotted values are the averages by d. h. h. 
classes from Table 1. 

P^ailiire of thcjse plotted values to produce a 45-degrce line through 
1-1 means that the volume axis should be regraduated in those por- 
tions as indicated by divei^ence from the 45-degree line.^ This 
is accomplished by reading the ordinate volume value first and then 
the abscissa value from the curve as the corrected volume graduation. 
Reading of these corrected volume values at intervals depending upon 
their magnitude, will allow replotting over the abscissa values on the 
chart and a new volume graduating curve is produce<l. The volume 
axis may now be rograduated and the new individual tree volumes 
reread from the chart. The graduations on both the diameter and 
height axis should be carefully check<?d if considerable variation in 
tabular values is not(jd. Kecomputation of the aggregate percentage 
deviation should produce a lower value. 

The average percentage deviation is found by determining the per- 
centage deviation of each individual tree volume from its cliart vol- 
ume. The total of these individual deviations taken without regard 
to sign, multiplied by 100, and divided by the numb(»r of trees, gives 
the average percentage deviation. The limit of this average deviation 
for standard volume tables should not exceed ±10 per cent. The 
table here produced givers an average percentage deviation of ±7.74 
per cent. 

PREPARATION OF THE FINAL TABLE 

The volume table may be read from the alinenient chart and tabu- 
lated in the conventional fonn. (Table 3.) Volumes are read for 
any desired d. b. h, and height interval in the same manner as 
explained above 

Using the alinement chart itself for determining tree volume makes 
interpolation unnecessary. For practical application it is, therefore, 
simpler to use the chart in its finished form rather than in the con- 
ventional table form. 


* Rbinkkb, L. H., BQd Bruce, D. op. clt. 
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DISCUSSION 

Previous alinement chart technic for volume table constniction has 
utilized base charts for standard solid figures, cylindrical, parabolic 
or cone fnistums, depending on the type of table desired. The technic 
has been based upon correlation of the tree volumes with these base 
charts. The technic here developed departs from previous practice 
in that base charts are not utilized. 

Previous technic in volume table construction has first correlated 
the dependent variable, volume, followed by a fitting of the inde- 
pendent vpiables, d. b. h. and height. The present technic departs 
from previous practice again in that the independent variables are 
set up first, then the dependent variable, volume, is correlated with 
the two independents. Meyer (6*) has simultaneously developed the 
same gcuieral principle of correlation but used a base chart with which 
to correlate first the independent, then the dependent variables. 

Comparison of the present technic with previous technic, using 
identical data, indicates a saving of time in constru(*.tion of graphs 
and in reduced correlations. In the comparisons made, the average 
percentage deviations obtained were in eafdi cas(‘ reduced by the 
present technic, the redtiction ranging from 0.4 to 1.1 p(T cent. 


Table 3. — Merchantable volume^ of red oak starid PenmyloanUiy 1030 



« Volume includes stem end limbs inside berk above a 1-foot stump. Utilization limit is 2 inches inside 
liark. Heavy line indicates range of basic data. Aggregate percentage deviation: Table 0.134 per cent 
tow^. ^^verage iwcontage deviation: ±7.74 per cent. Data collected in 1930 by A. C. McIntyre and T. A. 

SUMMARY 

A technic for the construction of alinement chart volume tables 
has been developed. Graduating curves for d. b. h. and height are 
plotted on log.-log. cross-section paper, and these two independent 
variables are then correlated with the dependent variable, volume, 
to produce the finished chart. 

Except in the case of meager data, no axis regraduation is necessapr 
since the initial graduations conform strictly to the variations in 
foim factor of the trees measured. 



Mar. ifl, m 2 A Simple Method of Constructing Tree Volume Tables 539 


LITERATURE CITED 

(1) HEHKb:, C. E., Bruce, D., Munnr, E. N., Chapman, H. H., Hansen, T. S., 

Mahon, D. T., and others. 

1926. methods of PKEPAKlNti VOLUME AND YIELD TABLES. REPORT OF 

THE COMMITTEE ON STANDAKDIKATION OF VOLUME AND YIELD 
TABLES. Jour. Forestry 24: 653 

(2) Bruce, 1). 

1919. ALINEMENT CHARTS IN FOREST MENSURATION. Jour. Forestry 17: 
773-801, illus. 

and Reineke, L. K. 

1929. THE USE OF ALINEMENT CHARTS IN CONSTBUCriNG FOREST STAND 

TABLES. Jour. Agr. Research 38: 289-308 illus. 

(4) and Reineke, L. H. 

1931. (’ORREI.ATION ALINEMENT (JHARTS IN FOREST RESEARCH: A METHOD 
OF SOLVIN<J PROBLEMS IN CURVILINEAR MULTIPLE CORRELATION. 

V. S. Dc])t. Agr. Tech. Bui. 210, SS p., illus. 

(5) Fernow, B. K. 

1917. FOREST TERMINOLOGY. REPORT OF <*OMMlTTEE. JoiIT. Forcstrv 

15: 68-101. 

((>) Meyer, W. II. 

1930. A METHOD OF CONHTRUlTI NO CiROWTH TABLES FOR SELECTIVELY 

I'UT STANDS OF WESTERN BELLOW PINE. Jour. Forestrv 28: 
1076-1084, illus. 

(7) Reineke, L. H. 

1927. A MODIFICATION OF BUUCE’s METHOD OF PREPARING TIMBER-YIELD 

TABLES. Jour. Agr. Research 35: 843 856, illus. 


n. 9.S0VERNMEN: PRINTINS OFFICE : 1932 




JOIMOFM ffl mRES EAlM 

VoL. 44 Washington, D. C., Apeil 1, 1932 No. 7 
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LER, ANCYLIS COMPTANA (FROEL.), IN NEW JERSEY* 
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INTRODUCTION 


A severe outbreak of the strawberry leaf roller (Ancylis comytana 
Froel,) ® occurred on a 4()-acre strawberry field in the vicinity of Hart- 
ford, N. J., in 1920, and although extensive spraying was done the 
results were negative. The available literature on the strawberry 
leaf roller at that time furnished very meager information as to its 
biology and none concerning the feeding habits of the young larvae. 
The biology of the insect in New Jersey was, therefore, investigated 
for the purpose of finding a vulnerable stage in the insect^s 

dfvriopm™., historical REVIRW 


Probably the first reported injury by the leaf roller in this c-ountry 
is that mentioned by Kiley {8) * as occurring in northern Indiana in 
1806. Riley observed the insect in 1868 and concluded that it was 
two broodei and passed the winter in the pupal stage. Observations 
made in Kentucky in 1890 by Garman (7) indicated that the leaf 
roller was four brooded and passed the winter in the larval stage, 
maturing the following spring. Somewhat more complete accounts of 
the insect and its habits were furnished by Stedman {10) in 1901, by 
Smith {9) in 1909, and by VVebster {11) in 1918. According to Smith, 
who observed the insect in New Jersey for many years, the eggs are 
laid on the underside of the leaves and the larvae wander to the 
upper surface as soon as hatched and, for a day or two, feed openly on 
l.he upper surface. Smith also stated that the winter is y)assed by the 
leaf roller in the pupal stage. Stedman, reporting from Mi.ssoiiri, 
and Webster, from Iowa, state that the larvae, as soon as they hatch, 
spin silken w^ebs under which they feed. Stedman found the young 
larvae on the upper surface, and Webster found them on both sur- 
faces, but he states that the under surface of the leaves is preferred. 
No mention of the hibernating habits is made by Stedman, but Web- 
ster states that in Iowa the winter is passed by the leaf roller as a 
mature larva which in early spring pupates without feeding. Other 
writers have frequently reported the presence and destructiveness of 
the leaf roller, and recently Dunnam {!) has published the results of a 
season's observations in Iowa on its life history and control . 

Although many conflicting observations regarding the life history 
of the leaf roller were recorded by the early workers, the more recent 
reports, especially those of Webster, have been substantiated by the 


1 Received for piibllcatlon Sept. STi, 1031; l&sued May, 1032. . ^ . 
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writer in his studies of the insect in New Jersey. In the followinp; 
pages many additional facts regarding the habits and biology of the 
leM roller are recorded. 

DISTRIBUTION AND MEANS OF DISPERSAL 

Of European origin, the strawberry leaf roller has been known to 
exist in this country for more than half a century. From the records 
available it appears that this species is distributed in the North from 
the Atlantic coast to the Pacific coast and from Canada southward to 
Virginia, Kentucky, Kansas, Colorado, and California, which, with the 
exception of Louisiana and Arkansas, form the southern limit of 
distribution. It seems to be most destructive in the upper Mississippi 
Valley and in some of the Atlantic Coast States. There are no 
records of its occurrence in most of the Southern States. 

Local infestations of strawberry fields are often caused by the flight 
of adults from infested fields. On the other hand, infestations of 
widely separated localities may be brought about by the importation 
of infested plants. Plants obtained from an infested region may 
harbor both eggs and larvae. A careful grower may notice the rolled 
or folded leaves that harbor the more mature larvae and remove them 
before setting the plants in the field. It is, however, practically 
impossible to discover all the very young larvae or eggs that, may be 
on the 1)1 ants. 

NATURE OF INJURY 

The attack of the strawberiy leaf roller is confined entirely to the 
leaves of the plant. Besides the actual injury to the foliage caused 
by the feeding of the larvae, the normal life of the plant may be 
disturbed by the folding or rolling of the leaves. The withering of 
the leaves results in malnutrition of the exposed fruit, which also 
withers and shrivels. In severe infestations the foliage of infested 
strawberry fields looks as though it were scorched or burned, and the 
fruit becomes deformed and small in size and all tends to ripen at one 
time. 

BEDS 

The greatest amount of injury to old straw^berry beds is api)arent 
during June at the end of the fii'st generation of larvae. The great- 
est injury to newdy set fields is causea by larvae of the second and thii d 
generations during the summer. In the fall, owing to the heavy 
growth in foliage of both old and new' strawberry plants, injury i>s 
not severe unless accompanied by dry weather. 

Growers in localities suffering from depredations by the strawberry 
leaf roller believe tliat the losses from reduced yield and poor quality 
of fruit may amount to as much as 50 per cent of the normal crop. 

FOOD PLANTS 

Fortimately the food plants of the strawberiy leaf roller are very 
limited, and mjury in this country is confined mostly to the strawr- 
berry, raspberry, and blackberry. However, the writer has found 
it feeding on clover growing in a strawberry field. Femald (5, p. 50) 
mentions the following as European food plants: Potenlilla opaca, 
P. vernUf P, cinereal Uryas octopetela, Poterium sanguisorba^ Thymus 
serpyUunit and TeucriUm. 
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SYNONYMY 

This species was first described by Froclich (^, p, 99) in 1828, ns 
Tortrix eomptana. Specialists working on this j^roup have since 
placed it in the gemis Ancylis. Its synonymy includes the follow- 
ing names: 

Ancylis eomptana (Froclidi). 

Tortrix eomptana Froelich, 1828. 

Phoxopterix eomptana Dupoiiclicl, 1844. 

Anehylopera eomptana Wilkinson, 1859. 

Grapholitha {Phoxopieryx) comjUana Heineniaiin, 1803. 

Grapholitha ronflexana Walker, 1863. 

Anehylopera fragariae Walsh and Riley, 1869. 

Ancylis eomptana Fern aid, 1903. 



Kiourb 1.— The strawberry leaf roller: A, Eggs on the underside of a strawtierry leaf; B, 
folded loaf opened to show a larva; ale^oijoned to show tho pupa; D, the moth. 
A11X4 


THE MOTH 

DESCRIPTION 

The moths average slightly over 1 cm across the outstretched wings. 
The general groimd color is light to dark reddish brown. The fore 
wings are reddish brown streaked with darker brown and white lines. 
When the moth is at rest there can be seen on the base of the folded 
wings a dark area forming a conspicuous deeper broiMi patch across 
the middle of the back. The hind wings are dark gray, and both 
wings have long fringes. (Fig. 1, D.) For a more detailed descrip- 
tion, furnished by Femald, the reader is referred to Forbes (5). 


544 


Journal of Agricultural Research voi. 44, No. 7 


PLIGHT AND PROTECTIVE HABITS 

If the moth is disturbed it flies swiftly and erratically from row to 
row and when it alights on the foliage runs rapidly and secretes itself 
a short distance from where the flight ended. The moth is probably 
protected to some extent by the coloration of its fore wings, since the 
dark-brown spot upon a reddish background blonds with tne surround- 
ing foliage, ^^en food plants are abundant, the insects do not fly 
far. Some individuals, however, may find their way to considerable 
distances and infest new fields. Careful measurements of the dis- 
tance covered by the moths in a single flight showed a range of from 
a few' yards to 50 feet. 

EMERGENCE, COPULATION. AND OVIPOSITION 

The spring adults emei'gc from the pupae formed from overw'inter- 
ing larvae. The date of emergence is governed lai'gely by weather 
conditions. In New Jersey, in 1920, moths were observed in straw'- 
berry fields the latter part of April; in 1921 they appeared in the fields 
March 28. In the latter year the month of March w'as abnormally 
warm. 

Mating was seldom observed in the field. Of several hundred 
pairs kept in the breeding house for egg records only about six pairs 
were seen in copula. This number was sufficient, however, to indi- 
cate the methoa and duration of mating. As is the case with many 
other moths during copulation, the boay of the inale is extended in 
line with that of the female and faces in the opposite direction. One 
pair of moths was observed in copula for over an hour and a half, 
other pairs for 20 minutes. In the cases observed copulation occurred 
within a day after emergence, and eggs were deposited three days 
after mating. 

The eggs are normally deposited on the underside^s of the straw- 
beriy leaves, occasionally upon the upper surface of the leaves, and 
rarely on the stems. P>males confined in cages deposited their eggs 
on both surfaces of the leaves and sometimes deposited as many as 
20 or more upon a single leaf, but this may be attributed to their 
confinement. In the field usually but one egg is laid on a leaf. 
Sometimes two or three, but rarely more, are found upon a single 
leaf. A female may deposit from 20 to 30 eggs during its active 
oviposition and may repeat the process at intervals of two to three 
days imtil aU the eggs have been deposited. Oviposition in cages 
takes place at dusk, and this apparently is tnie also under field con- 
ditions, since at sundown the moths appear to be most active in their 
flights about the infested fields. 

LONGEVITY 

Determinations of the longevity of moths are based upon records 
of paired individuals used for breeding purposes. The records show 
that the average life of the male is eight days, but the average life 
of the female varies somewhat with the season. As shown in Figure 
2, the average length of life based on 47 females in April is 17 days; 
of 34 females in June, 15 days; and 55 females in August, 12 days. 
G^erally it appears that cooler weather is favorable to longevity in 
this species. 
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Dunnain (i) records the average life of 30 females as 14.73 days and 
of 25 males as 16.56 days. He does not state, however, the months 
in which the data were recorded. 


Fkji’RE 2. — The average length of life of the female moth of the strawl)erry leaf roller for each of 
the three broods, and the luaximum daily temiieratures for the same i^erinds, Riverton, N. J., * 
1021 

PARTHENOGENESIS 

To ascertain whether parthenogenesis occurs, unmated and mated 
females were confined in separate cages with suitable food plants. 
From 10 unfertilized females thus confined no eggs were recovered, 
but in cages containing fertilized females kept under similar condi- 
tions oviposition occurred. Durinam (7) states that some unferti- 
lized females in his cage experiments deposited infertile eggs. 


EGGS (NUMBER) 

Figure 3— Numbers of oggs deposited by 180 females of the strawberry leaf roller, grouped into 
classes and each class represented by its ZDid-i>olnt. Riverton, N. J., 1921 

FECUNDITY 

There is considerable variation in the number of eggs that a moth 
may deposit. Becords were kept of the number of ^gs deposited by 
136 moths, and these are represented graphically, in Kgure 3, in which 
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it is shown that the greatest number of females deposited from 20 to 
70 eggs. The average number of eggs deposited by the moths in dif- 
ferent months of the year was foimd to be as follows: April, 38.6; 
June, 59.5; August, 52.5. These figures are based on 47, 34, and 55 
females, respectively. Webster {11) states that the average number of 
e^gs laid by 35 females was 72.9. Dunnam {!) found that the number 
01 eggs laid per day ranged from 1 to 67 and that the average number 
laid per female was 85.1. 

THE EGG 
DESCRIPTION 

The egg viewed from above is oval, and has an irregular basal 
surface wnich is attached to the leaf. (Fig. 1, A.) As light plays 

upon the reticulated surface 
there is a display of irides- 
cence. The egg when first 
laid is pale green, blending 
with the natural color of the 
lower surface of the loaves. 
With the development of the 
embryo the color changes to 
yellowish, which indicates 
that hatching is imminent. 
The average dimensions of 
the eggs measured were 
0.378 by 0.648 mm. 

INCUBATION 

The time required for the 
incubation of the egg de- 
pends upon seasonal con- 
ditions. In April the eggs 
hatched in from 14 to 17 
days, during June and July 
in from 6 to 8 days, and 
during Au^st in from 5 to 
9 days. Temperatures for 
three of these months are 
shown in Figure 2. Web- 
ster {11) foimd that in Iowa 
during May, 1919, the eggs 
hatched in 11.1 days and 
during July and August, 
1915, in from 3 to 12 days. 
Dunnam {!) does not mention the month during which his experi- 
ments were conducted but states that their “optimum for develop- 
ment'' seems to be eight days at 73.02® F. 

THE LA3RVA 

RETREATS AND FEEDING AREAS 

After emerging from the egg the larvae move slowly over the under 
surface of the leaf, feeding a little until a suitable place over which to 
.constriict their protective silky retreat is found. This tubelike shelter 
is generally constructed in the angle formed by two veins (fig. 4), at 



FiGUfis 4.— Funnel'Sbaped silky retreat constructed by a 
young larva of the strawberry leaf roller between two 
veins on the under surface of a leaf. X 2 
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the base of the leaf, or very often along the side of a vein (fig. 5). 
The small larvae gradually' construct an overhead covering by spin- 
ning threads of silk from side to side. This retreat is at first not much 
longer than the young larva, but as the feeding area is extended the 



FiaURE 5.— Feeding areas and the retreats constructed by young larvae of the 
strawberry leaf roller on the underside of a strawberry leaf. X 2 

tubelike tent is lei^theued and broadened to accommodate the in- 
sect's growth. Within three or four days the retreat resembles a 
little funnel, with the narrower end toward the base of the leaf, 
or if the construction starts along a single vein it may resemble a 
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simple irregular tubular tent close to the vein. With further growth 
of the larvae the retreats first made may be abandoned and others 
constructed in new feeding areas. Very often when two leaves touch 
or overlap, the larvae web them together at the point of contact and 
feed within the webbed area. 

After the larvae become more than half grown they migrate from 
the under to the upper surface of the leaves. Here they spin threads 
of silk attached to either side of the natural depressions formed bjr the 
mid veins, and fold the leaves like the wings of a butterfly. (Figs. 6 
and 7.) Very often one edge of the leaf is folded or rolled. The 

larvae continue to feed until full 



grown and eventually transform 
to pupae within these leaf in- 
closures. If the larvae are dis- 
turbed and dislodged from their 
inclosures new leaves are rolled 
or folded. 

During its entire growth the 
larva feeds on either the upper 
or lower surface of a leaf, leaving 
the epidermis of the opposite sur- 
face mtact. 

DESCRIPTION OP LARVAL STAGES 

The descriptions below and 
the duration given for the differ- 
ent instars are based on obser- 
vations of 48 individuals of the 
second generation. 

First Inst ah 

The first-instar larva measures 
slightly more than 1.5 mm in 
length, with the head and thorax 
much wider than the rest of the 
body. The head measm'es 0.18 
mm in width, is brown, and the 
tips of the mandibles are red ; the 
rest of the body is pale green. 
Many long setae are scattered 
over the head and from four to 
six are found on the sides of each 


thoracic and abdominal segment, those on the anal segment being the 
longest. The duration of this instar averages 3.8 days. 


Second Inataii 


After the first molt the larva measures 2.5 mm in length, the head 
and body being of uniform width. The body color vanes somewhat 
between light green and pale yellow. The setae are arranged as in 
the first instor. The head across its widest part measures 0.252 mm. 
The duration of this instar averages 3.4 days. 
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Third Tnhtar 

After thejsecond molt the larva measures 3.21 mm in length. In 
appearance, it resembles the larva of the previous stage, and very 
little change in color or other characters is noticeable. The head 
width is 0.396 mm. The duration of this iiistar averages 4 days. 

Fourth Inbtar 

After the third molt the larva measures 4.5 mm in length. The 
body color ranges from yellowish green to dark green. There arc 
four pairs of light hyaline 
tubercles or prominences 
on each body segment, two 
pairs on the dorsal surface, 
and a pair on eadi side. 

The setae are distributed 
as in tlie former stages, 
but are mudi longer and 
m o r e pro ininen t. The 
width of the head is 0.558 
mm. The duration of this 
instar averages 4.8 days. 

Fifth Inhtah 

After the fourth molt the 
larva grows rapidly, and 
when mature measures 12 
mm (one-half inch) in 
length and 1.5 mm in 
width. (Fig. 1,B.) The 
general color is gray-brown 
above and gray beneath, 
with the Jiead yellowish 
brown. In other respects 
it resembles the previous 
stage. The duration of 
this instar averages 6.2 
days. 

DURATION OF LARVAL PERIOD 

Tlift /In ro f i/^n /^f +1ip 1 nr- Figure 7.— Strawberry leaves folded or rolled in different ways 

1 lie Quration Ol me lar- strawberry leaf roller. X H 

val period of the two sum- 
mer generations averaged 24.4 days; tliat of the last generation, 
which hibernates, averaged 178.3 days. 

MOLTS 

From a large series of experiments it has been determined that in 
the spring and summer the larvae ordinarily molt four times. During 
periods of irregular temperature, in the fall, however, larvae that will 
hibernate continue to feed when the weather is warm and remain 
inactive when it is cool. As a result of this prolonged feeding the 
larvae may undergo several additional molts before cold weather 
makes them entire^^ inactive. In regard to larvae kept under obser- 
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ration during the fall as many as seven molts were observed, though 
five or six were more common. When mature, these larvae were larger 
and more robust than those of the summer generation, as is shown by 
the head widths given in Table 1 for the various instars. 


Tablr 1. — Average head-width meamremenU of larvae of the strawberry leaf roller 


Measurement 

i 

Second 

instar 

]2 fe 

J’oiirth 

instar 

Fifth 

Instar 

Sixth 

instar 


Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Actual.. 

0. 18 

0.252 

0.398 

0.558 

0.882 

1.285 

Calculated ® 

18 

.250 

.372 

. 535 

.77 

1. 108 


• Calculations of head widths were made according to Dyar (f). 


Table 2 shows the average number of days between molts of 
larvae representing three generations. As would be expected when 
temperature is a contributing factor, the lengths of instars of the 
first-generation larvae are somewhat greater than those of the second- 
generation larvae. The longest interval recorded occurred between 
the last two molts of the larvae about to hibernate. 


Tablk 2. — Average length of stages and instars in the development of the strawberry 
leaf roller under laboratory conditions^ Riverton, N. 1921-22 
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1 

First 
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1 

Days \ 

Days 

! Days 

Days i Days 

15. 5 

3.0 

3. 9 4. 5 

6.7 

7.6 ! 


\ 2.5 

6.8 1 51.4 

Second 

7.0 

3.8 

3.4 4.0 

4.8 

6.2 i 


2.5 

6. 2 1 37. 9 

Third • 

7.0 

3.0 

3.3 3.6 

4.5 

8.5 j 

1 

‘ 12.V 

142.0 

12.8 198.1 


• Hibernating generation. 

PKEPUPAL PERIOD 


Upon reaching maturity the larva discharges the waste from the 
alimentary tract and remains inactive within the folds of the leaf 
where it has last fed. It may increase the size of its silken retreat 
after cessation of feeding by spinning a few additional layers of web. 
The pr^upd period in the summer usually lasts from two to three 
days. The insect hibernates in the prepupal stage, which lasts, on an 
average, about 142 days. This was determined by observations of 
the alimentary tract at intervals throughout the donnant period, 
which showed that no food was taken into the body in the spring 
prior to pupation. 

THE PUPA 

DESCRIPTION 

The pupa (fig. 1, C) averages 8.5 mm in length and is yellowish 
brown when first formed, becoming dark brown several days before 
the adult emerges. The dorsal sunace of each abdominal segment, 
with the exception of the last three, bears two transverse rows of 
spines, those of the anterior row of each segment being stouter than 
those of the posterior row. Each of the last three segments has a 
sizzle row of spines. In addition, the last segment bears eight 
s^e^er hairs which are more or less hooked at the tips. 
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DURATION ()P PUPAL STAGE 

The pupae, as evidenced by their activity, are sensitive to light. 
They are unable to develop at or above 40° C. or at and below 10° C. 
In April the duration of the pupal period averaged 12.8 days, in June 
6.8 days, and in August 6.2 days. (Fig. 2 shows the temperatures 
during these months.) 

Web ster (11) states that from meager data the length of this stage 
in Iowa in April and May was found to be from 14 to 18 days; in the 
summer montlis it averaged 6.6 days. 

DURATION OF LIFE CYCLE 

Although in breeding experiments under laboratory conditions the 
average duration of the life cycle of the first generation is 51.4 days 
and of the second generation 37.9 days (Table 2), it is evident from 


FIRST GENERATION 
SECOND GENERATION 
-THIRD GENERATION 



p.--- FIRST SECOND THIRD FOURTH FIFTH SIXTH ooronoA diida 
Cttvas instar INSTAR INSTAR INSTAR INSTAR INSTAR l-UI-A 

PiGUiiE 8.— Orapli showing the time intervals of the various stages and instars of the three genera- 
tioiis of the strawberry leaf roller under laboratory (^mditious, Riverton, N. J., 1921 22 

field observations that the time may be longer if (‘limatic conditions 
are unfavorable. In such instances temi)erature and moisture are 
probably the controlling factors, since food, in the strawberry beds, 
IS nearly always abundant. The generation that includes the hiber- 
nating larvae is of course of longer duration, the average length being 
198.1 days. (Fig. 8.) 

NUMBER OF GENERATIONS 

Insectary breeding experiments show that, when considered from 
the first eggs laid, the insect had three complete generations and a 
partial fourth; and when considered from the last eggs laid it had 
two complete generations and a partial third. Many larvae of the 
third generation instead of transforming into pupae during August 
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continued to feed, grow, and molt, and finally passed the winter as 
full-grown larvae. Other larvae of the same brood transformed into 
pupae during August, and the moths emerged and deposited eggs. 
The larvae of this partial fourth generation matured late in the fall 
and passed the winter successfully. Similar conditions probably 
occur in the field, and from the findmg of larvae of different sizes late 
in the fall it is supposed that these late-developing larvae came either 
from the last eggs of the second-brood moths, or from eggs deposited 
early in the fall by moths of the third generation. 

HIBERNATION 

As stated earlier in this discussion, larvae developing in the fall 
grow much larger than those of the summer generations, and from 
two to three additional molts occur. It seems evident that this 
extended period of feeding affords opportunity for the accumulation 
of a larger amount of adipose tissue, which probably serves the larvae 
during the period of hibeniation. To determine the actual anioiint 
of adipose tissue formed, the fat content of the larvae of the summer 
generations was compared to the fat content of the hibernating larvae. 
The experimental procedure was as follows: Fifty mature larvae of 
the summer generations were weighed, macerated, and placed in an 
oven at 100® C. until the material registered a constant weight. 
The remains were then extracted several times with equal parts of 
alcohol and ether and the resulting loss in weight recorded. From 
these data the percentage of fat was calculated. Similar tests were 
made with the hibernating larvae. The larvae of the summer genera- 
tions yielded 3.3 per cent fat, the hibeniatinglarvae 8.7 percent, or more 
than double the percentage off at obtained from the summer larvae. 

When hibernating larvae were dissected it was noticed that lobed 
layers of adipose tissue In striking abundance surrounded the alimen- 
tary tract. In larvae of the summer generations, however, no such 
extensive layers of adipose tissue were found. 

With the advent of low temperatures in the fall (10® to 15® C.), feed- 
ing by the larvae ceases, and the waste products in the digestive 
tract are entirely eliminated. Numerous examinations made by 
dissecting hibernating larvae at intervals during the winter months 
showed that the digestive tract remains practically free of food 
material, with only a slight accumulation of waste material in the 
rectum. A reduction of about 15 per cent of the normal (83 per cent) 
water content takes place previous to hibernation, but to prevent 
further loss of water and to maintain the minimum consistent with 
successful hibernation it is necessary that the larvae be constantly 
surrounded by a humid atmosphere. This condition is maintained 
in nature by the position of the hibernacula in the moist leaf accumula- 
tions on the ground. Experiments demonstrated that hibernating 
larvae placed in cages indoors would not survive the winter unless 
proper moisture was supplied. Hibernating larvae placed in a large 
tin container and kept moist passed the winter without injuiy. 

Throughout the wmter months hibernating larvae are only slightly 
dormant and when subjected to a temperature of 27® C. transform to 
pupae within from three to six days. That the larvae are extremely 
re^tant to cold is shown by their survival in the colder sections of ^e 
country when protected by folded leaves only. 
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EFFECT OF TEMPERATURE CHANGES ON HIBERNATING LARVAE 

For the purpose of determining the influence which a mild or severe 
winter might have on a spring outbreak of the strawberry leaf rollei’, 
a large number of larvae were collected late in the fall, before freezing 
temperatures occurred. These larvae were divided into five Jots and 
treated according to the following plan : Ijot 1 was kept at a tempera- 
ture of 24° C., and every day 10 individuals were transferred to a 
temperature of 10°, kept for a certain period, and then placed at a 
temperature of 24°; lot 2 was kept at a temperature of 31°, and every 
day 10 individuals were transferred to a temperature of 10°, kept for 
a certain period, and then placed at a temperature of 24°; lot 3 was 
treated like lot 2, except that after exposure to a temperature of 10° 
the larvae were again placed at a temperature of 31°; lot 4 was sub- 
jected to a temperature of 10° for a month and then kept at a tem- 
perature of 24°; lot 5 was subjected to a temperature of 10° for a 
month and then held at a temperature of 31°. 

In Table 3 the colutrin of figures listed under each tempej-ature 
represents the number of days 10 larvae were held at that tempera- 
ture. Under each lot the first temperature is the initial one. For 
example, under lot 1 the first line means that the 10 larvae were held 
for 1 day at 24° O., then for 6 days at 10°, and finally for 5 days at 
24°, when some larvae pupated . 1 n the same lot the fourth line means 

that 10 larvae were held at 24° for 3 days and at 10° for 16 days, when 
some larvae died. 

Tahle 3 . — The effect of temperature changes upon hibernating larvae of the straw-' 

berry leaf roller 

NUMBER OF DAYS LARVAE WERE EXPOSED AT TEMPERATURES INDICATED C C.) 
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• Some larvae pupated. ► Some larvae died. 

The results indicate cpiito clearly that with slight exceptions the 
mortality was greatest in those larvae activated by a high tempera- 
ture before they were subjected to a low temperature. This is strik- 
ingly revealed in the resiil'ts obtained from lots 1, 2, and 3, which 
suffered a mortality of over 90 per cent. In contrast to the above, 
the larvae of lot 4 were not subjected to a high temperature, and con- 
sequently were not rendered active, before exposure to a low tempera- 
ture. When these larvae were exposed to a high temperature, devel- 
opment continued normally, and they pupated later with a death rate 
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of only 6 per cent. An exposure of less than four days to a tempera- 
ture of 31® C. was apparently not of sufficient duration to activate 
the larvae, and when they were later subjected to a temperature of 
10® no injury resulted. On the other hand, when larvae were sub- 
jected to a temperature of 31® for four days or more, activation and 
probably development progressed sufficiently to cause injury and 
death when they were exposed to a temperature of 10®, but a sudden 
shift from 10® to 25® or 30® was not fatal, provided there was no further 
exposure to temperatures below 10®. 

From the results here recorded it appears that there is perhaps a 
particular stage in the development of the larvae at which hibernation 
may be successful, possibly a stage in which the concentration of 
certain ingredients permits the protoplasm to resist a low temperature. 
It is evident, therefore, that a sustained high temperature in the 
field for a sufficient length of time during the winter followed by a 
temperature of 10® C. or lower would be sufficient to cause a high 
rate of mortality and preclude the possibility of an outbreak of this 
pest. 

When hibernating larvae become activated at a temperature of 
24® C. for a sidficient length of time to cause development to proceed 
toward pupation, the resulting pupae were found to resist a tem- 
perature of 10° for only a short interval. This was shown by tlu^ 
following observation: During examinations made when the tem- 
perature was 10® some pupae which had previously been exposed to a 
temperature of 24® were observed to have proceeded in their develop- 
ment to a point represented by a dark-brown coloration. Under 
normal conditions moths would have appeared several days later, 
but further development was checked and dfeath of the pupae followed. 
Other pupae of the same lot similarly treated made no progress in 
development and died in* the early part of pupal life. 

EFFECT OF TEMPERATURE ON PUPAL DEVELOPMENT 

The rate of development of the pupa was found to be greatly depend- 
ent, wdthin certain limits, upon temperature conditions, as shown by 
the following experiments: Recently formed pupae were divided into 
six lots and when treated as shown completed development in the 
number of days specified — 

Lot 1. Pupae held at a constant tcm]ierature of 20*^ C. completed development in 
12 days. 

Lot 2. Pupae held at a constant temperature of 24° completed development in 
12 days. 

Lot 3. Pupae held at a constant temperature of 27° coiiii)lctcd development in 
5.6 days. 

Lot 4. Pupae held at a constant temperature of 34° completed development in 
4 days. 

liOt 5. Pupae held at a constant temperature of 40° died. 

Lot 6. Pupae held at a constant temperature of 10° died. 

From these data it is apparent that the limits of develoiiment for 
the pupae probably lie between 15® and 34® C., with an optimum be- 
tween 27° and 34°. 

NATURAL CONTROL 

PARASITES 

It would appear from the large number of parasites reared from the 
larval and pupal sta^s of the strawberry leaf roller that it is ordina- 
rily held in check by natural enemies. In the vicinity of Riverton, 
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N . J. , more than a dozen species of parasites were reared . A few proved 
to be new to science, and several species were observed to be of con- 
siderable economic importance in the natural control of the strawberry 
leaf roller. They arc listed below in the order of their probable 
importance: Macrocentrus ancylivora Roh., Cremastns cookii Davis, 
Spilocryptus exannulatus Cush., Exorista pyste Walk., Perisierola sp., 



Kiguku 9.— Parasltus the .strawberry lejtf roller; A, larva of Maeroerntrua ancylivora 
emerging from a leaf-roller larva; B, three larvae of a species of Perisierola feeding on 
a larva of the strawberry leaf roller; C, strawberry leaf-roller larva bearing eggs of 
Airorisfa pysfe; D, cocoon of Spilocryptus exannulatus wnstructoU after emergerH’e 
from a pupa of the strawberry leaf roller. All X 4 

Sympiesis ancylae Gir., Dibrachys meteori Gahan, I), aeneomridis 
Gir., Hahrocytus sp., Pseudacrias {Pleurotropis) sexdentatus Gir., 
Spilochalcis sp., Epiurus indagator Walsh, Itoplectu conguisitor Say. 

Macrocentrus ancylivora (fig. 9, A) is considered one of the most 
important of the parasites, since 60 per cent of the larvae of the straw- 
berry leaf roller collected during June and August were found parasit- 
ized by this species. It is a large yellow braconid, the body of the 
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fomale measuring 4.5 mm in length and having an ovipositor 5.5 mm 
in lenpjth. The male is somewhat smaller, measuring 3.5 niin in length. 
The biology of this parasite has been described by the writer (4). 

Cremmtm cookii parasitized 15 per cent of the larvae of the straw- 
berry leaf roller collected during June and August. This species is 
slightly larger than Macrocentrus ancylivoray measuring from 6 to 7 
mm in length and having an ovipositor about two- thirds the length 
of the abdomen. Although no studies of its biology were made, 
observations indicate that its habit of parasitizing the host resembles 
that of Af. ancylwora. 

Spilocryptus emnnulatus parasitized from 5 to 10 per cent of the 
larvae of the strawberry leaf roller collected during June and August. 
The egg of this parasite is deposited within the larva of the host. 
The latter, however, is able to develop and pupate, although the 
parasite larva eventually consumes the contents of the pupa. Jt 
then emerges from the pupal remains of the host as a larva and sf)ins 
abaut itself a white cocoon. (Fig. 9, D.) The pupal stage lasts from 
1 0 to 1 4 days. The adult measures 5.5 mm in length , but its ovipositor 
is only 1.5 mm long. The thorax and j)osterior part of the abdomen 
are black, and the anterior portion of the abdomen is yellowish brown. 

A species of Perisierola (family Bethylidae) parasitized only from 
2 to 5 per cent of the strawberry leaf-roller larvae collected during 
June. The adult deposits several eggs on the abdomen of the host 
larva, and the parasitic larvae that hatch from these eggs insert 
their mouth parts through the epidermis and feed from the exterior 
upon the internal contents of the host. (Fig. 9, B.) After two or 
three days the parasitic larvae attain full growth and, without con- 
structing a cocoon about themselves, fasten their anal segments by 
means of threads of silk to the leaf and transform to pupae in their 
larval skins, which eventually become jet black. The pupal stage 
lasts from five to eight days. 

The tachinid fly Exorista pyste parasitized 5 per cent of the larvae 
of the host. The adult fly deposits from one to three eggs, either on 
the thorax or on the last abdominal segment of the host. (Fig. 9, C.) 
The white, glossy, hemispherical eggs measure 0.456 by 0.27 mm, 
and their surfaces are reticulated. The lower flattened surfaces 
adheres tenaciously to the skin of the host. In hatcliing, the eggshell 
splits at one side close to the base, and the parasitic larva bores 
tlirough the skin into the interior of tlie host. The host larva, 
however, is able to mature and transform into the pupal stage, and 
the parasitic larva, after consuming the contents of the pupa, emeiges 
by breaking through the pupal skin of the host. In many instances 
the puparium of the parasite was found partly within the empty pupal 
skin, indicating that pupation had occurred without the parasitic 
larva entirely emerging from the host. The puparium measures 4 
by 1.7 mm and is dark brown. The pupal stage lasts from a week 
to 10 days. If the host larva bearing eggs of tliis parasite happens 
also to be parasitized by Macrocentrus ancylivora only the latter 
develops. 

PREDACIOUS ENEMIES 

The strawberry leaf roller is also attacked by several species of 
predacious insects. The bugs Nabis jerus L. and Podisus maculi-- 
mnlris Say and the beetle Vasnonia pennsylvanica L. were observed 
feeding on the larvae. 
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SUMMARY 

The stniwherry leaf roller feeds on the foliage of the strawheri-y, 
hlackbeny, and raspberry and inay become established in widely 
separated kx'.alities through the transportation and scttting out of 
infested plants. 

Fertilized females deposit from 20 to 120 eggs, usually on the 
under surface of the loaves, and the eggs hatch in from 5 to 17 days. 

Until half grown the young larvae feed on the under surface of the 
leaves protected by silky retreats. They then migrate to the upper 
surface of the leaves, which they roll or fold, and within these folded 
leaves they continue feeding and finally pupate. The summer- 
generation larvae molt four times, and the liibernating lai-vae may 
molt six or more times. 

The prepupal period in the summer generations lasts from two to 
three days and in the hibernating generation it lasts throughout the 
winter. The pupal stage lasts from 6 to 13 days. The life cycle, or 
devel(»pmental period, of the suirnner generations averaged 51.4 days 
for tlie fii-st generation and 37.9 days for the se(‘()nd, and that of the 
hibernating generation averaged 198.1 days. 

Hibernation takes pla<ie in the prepupal stage within the rolled ‘or 
folded strawberry leaves lying on the surface of the ground. An 
increase in the accumulation of adipose tissue and a rcdu(‘tion of the 
water content of these larvae precede liibernation. 

Experiments indicate that when hibernating larvae are subjected 
to a temperature of 24® or 31® C. for four days or more and are after- 
wards placed at a temperature of 10® for a (considerable time a high 
mortality results. If kept firet at a temperature of 10° for a (M>nsider- 
ablc length of time and afterwards placed at a temjicrature of 24® or 
31®, pupation occurs and the mortality is very low. 

Experirmmts mth pupae indicate tliat the limits of pujial d(»v('Ioj)- 
ment are between 15® and 34° C., with an optimum between 27® and 
34°. 

The strawberry leaf rolliu' is atta(*ked by more than a dozen s])ecies 
of parasitc^s of which the following are the most important: A4arro- 
centrus ancylworaj Cremastus cookiiy S]nlocryptm exanvuLatvs^ and 
Exorlsta vyste, 
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EFFECTS ON COTTON OF IRREGULAR DISTRIBUTION 
OF FERTILIZERS* 


By A. L. Mehrinu, Asaociate Chemist ^ Fertilizer and Fixed Nitrogen Investigation Sf 

Bureau of Chemistry and Soils^ and G. A, Cumings, Agricultural Engineer ^ 

Bureau of Agricultural Engmecring^ United States Dejtartment of Agriculture “ 

INTRODUCTION 

In 1929 the joint committee on fertilizer application,^ the South 
Carolina Agricultural Experiment Station, and the United States 
Deijartment of Agriculture joined for(*es to study the efficiency of 
fertilizer distributors designed for use in growing cotton. The field 
tests were conducted at two locations in South Carolina. 

A previous paper * gives the specifications of the 22 distributors 
selected for this work, the formulas of the fertilizers used, details of 
the experiment, and observations obtained in the field and laboratory. 
The field observations included measurements of the effects of the 
fi^rtilizers on germination, earliness of blooming, rate of growth, and 
yield. These results were presented from the standpoint of the 
efficiency of the distributors. 

Earlier studies ® ® have shown that distributors apply fertilizers 
unevenly along the row, owing to cycles of delivery and other causes. 
They differ widely, however, in the kind and extent of these varia- 
tions in delivery, as may be seen in Figure 1. It would be reasonable 
to suppose that such differences in distribution would produce cor- 
responding effects on the c.ro|3, but insufficient evidence is available 
to show’ the character or magnitude of these effects. 

The present paper gives a statistical analysis of some of the results 
previously published, in order to show the differences in the effects of 
fertilizers on cotton when applied uniformly and with typical degiees 
of irregularity, 

PLANTING 

The results of the applications made by hand and by distributors 
Nos. 1 , 2, 4, 5, and 8 in the previous study ^ were sclecUsd for this 
work, because the conditions surrounding them were substantially the 
same for each test, except that the fertilizers w^ere applied with dif- 
ferent degrees of variability of distribution. The fertilizers were 
applied in open furrows, over which raised seed beds were formed and 
dragged to a uniform height. Later examination of the placements 
showed that the fertilizers were in bands 2 or 3 inches wide and 3 
inches below the surface. The seeds were planted 1 inch below the 
surface at the rate of 1 every inch. Thus in each instance the fer- 
tilizer was placed in narrow’ bands 2 inches below the seed. 

1 Received for publication Nov. 13, 1931; issue<l May, 1932. 

3 C^redlt is due Avis 3. Peterson, Fertilizer and Fixed Nitrogen Investigations, lUireau of Chemistry and 
Soils, for a large number of the calculations required in this work. 

3 Composed of representatives of the American Society of Agronomy, the American Society of Agricul- 
tural Engineers, the National Association of Farm Equipment Manufacturers, and the National Fertilizer 
Association. 

* CtiMiNos, G. A., Mehrinq, a. L., and Sachs, W. II. field and laboratory studiks of fkktilizer 
DISTEIRUTOKS FOR COTTON. AgT. Engln. II 1 149-100, UlUS. 1930. 

» CuMiNoa, G. A., Mkhrino, A. L., and Sachs, W. H. Op. cit. 

« Mkhrino, A. L., and Gtjminqs, G. A. fawors affkctino the MBcmANicAL appucation of fkrtiu- 
ZERs TO THE SOIL. U. S. Dept. AgT. Tech. Bui. 132, 90 p.. Ulus. 19:)0. 

^ Op. cit. OUMiNos, O. A., Mehring, A. L., and Sachs, W. H. 
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A coefficieiit of variability (V) may be used as a measure of the 
degree of irregularity of distribution of the fertilizer. It is calculated 
from the weights of material in consecutive parts of the row. V was 
calculated for each, machiiie from the weights of fertilizer delivered in 
40 consecutive 1-foot sections of row, and the values obtained cover 
the usual range in practice. Special precautions were used in making 
the hand applications, and, although strictly speaking they could not 
be perfect, they may be considered uniform (F==0). These deter- 
mined values of V ^1 be used hereafter to designate the different 
degrees of variability of distribution. 

Eight plantings, each consisting of a set of the several degrees of 
variability of distribution of the fertilizers, were made at intervals 
during a period of seven weeks. The first six were made at the Sand- 



Fiouhc 1.— Charaoterlstio distribution of fertilisers by various commercial machines. The coef- 
ficients of variability on a 1-foot basis are as follows: A, 00; B, 36; C, 30; D, 12; and E, 8 


hills experiment station near Columbia in Norfolk coarse sand. Five 
of these were destroyed by adverse weather before complete results 
could be obtained, and therefore no detailed report will be made of 
them. The last two weiy made in Cecil sandy clay loam at Clemson 
College. Each test consisted of four replicate plots in different parts 
of the field. The plots were single 36-foot rows staked out of the 
middle of longer rows. 

The rates of application of the 4-8-4 and 12-24-12 fertilizers were 
as dose to 800 and 267 pounds pet acre, respectivelv, as the various 
machines were capable of giving. The rates actually obtained were 
determined in each test and are shown in Table 1. The rates were 
Bi^h that the same amounts of nitrogen, phosphoric acid, and potash 
wwe applied in^each fertilizer. 
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The same machines applied both fertilizers, but from the values of 
V it will be seen that the degree of variability was greater in each case 
when the smaller quantity of the concentrated fertilizer was applied by 
the same machine. 

With the greatest degree of irregularity, the fertilizer was deposited 
in the manner shown at A in Fig\ire 1, and the high points in the 
delivery cycle were about 17 feet apart where roughly ten times as 
much fertilizer was deposited as at the low points. With the smallest 
degree they were 3.8 feet apart, and the delivery rate varied from 20.6 
to 28.6 g per foot. 

GERMINATION 

NUMBER OF SEED GERMINATING 

The sixth planting was made on May 9, and at this time the coarse 
sand contained 5.3 per cent moisture. From May 17 until the middle 
of June rains fell every few days. Consequently the soil moisture was 
favorable during most of tlie germination period. The fertilizers 
slightly delayed germination on this soil, as shown by the results 
of counts in Table 1. Pearson’s correlation coefficient, r, between the 
numbers of seedlings abovegi’ound at the first count and the cor- 
responding coefficients of variability is 0.734 ±0.089. There was a 
definite tendency, therefore, for more seed to germinate promptly 
where the fertilizer was iiregularly applied. At the last (H)unt there 
were no significant differences in the number of seedlings due to 
irregular distribution. The percentage of germination was lower on 
all the plots fertilized with the 12-24-12 mixture in this planting. 

Plantings Nos. 7 and 8 were made on Cecil sandy clay loam contain- 
ing 15.47 per cent moisture on May 14 and 11.6 per cent on May 24. 
A rain amountii^ to 0.81 inch fell on May 27, but during the remainder 
of the germination period the rainfall was very slight. There was no 
significant delay in germination on this soil, and the percentage of 
germination was the same with both fertilizers. 

The results of other experiments on these soils where the same 
amounts of fertilizer were placed 2 inches below the seed, although 
not given here, also indicate that in light sandy soils the percentage 
germination is likely to be somewhat lower when fertilizers are uni- 
formly distributed than when irregularly distributed, but on heavy 
clay soDs no significant differences occur as a rule. 

SPACING OP THE SEEDLINGS 

Plants appeared simultaneously all along the rows on the uniformly 
fertilized plots, but they came up in bunches at the low points in 
delivery on the Norfolk sand plots that were fertilized in a cyclic 
manner. Figure 2 shows irregular germination due to the same cause 
in a later experiment on Buston sandy loam. Although the total 
number of seedlings finally appearing above ground in any one group 
of tests was approximately the same for each degree of variabUity of 
distribution, the seedlings were more uniformly distributed along the 
row on the uniformly fertilized plots. These plots had at least one 
seedling in each foot of row, and in a few cases as many as 3 con- 
secutive feet were bare on plots where V'~ 56 and 66. The last count 
for each planting was made after new seedlings ceased to appear, and 
|he number of plants in each foot of row was counted separately. 
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Standard deviations (<r) of the number of ])lai)ts per foot of row were 
calculated, therefore, to detemiinc tlu? efTeci of each degree of varia- 
bility on uniformity of stand. Each value of tr, i)resonted in Table 2, 
is based on 144 feet of row. 

Table 2. — Standard deviations (<r) of the numbers of cotton plants per foot of row 
for different degrees of variability of distribution (T) of fertilizers 


Stundurd dovlutiom of numbers of plants per foot of row standing in- 


Norfolk coarse Ocil samly day j 
sand, planting loam, planting ' 


Kin<l of fertilbor 


(^ecil sandy clay j , 
loam, planting i Averages 
No. 8 . of the 

difTer- 

1 enccs 

' niffpr. : the 

I from ■ , . 

I checks , “ 


0 

2.09:1:0.08 ! 

+0.05 

2.«0=fc0.15 1 

+o.o:i 

».88+:0.J5 

+0.37 

+0.15 

8 

1.86± .07 . 

-.19 

3. 15± . 12 ! 

+ :i8 

3.62± .04 

+.11 . 

+. 10 

\) 

2.29:1: .09 

+.25 

3.02± .17 : 

+.25 

3.591; .10 

+.08 

+.19 

1(1 

2. lOi: . 08 

+.00 

2.9i± .31 ; 

+. 14 

3.76+ . 17 

+.26 

+. 15 

16 

2.30i .09 : 

+.26 

3.03± .26 . 

+.26 

3.98+ .16 

+.47 ' 

•+.*4 

6(i 

2. (kl-f . 10 
2.044r .08 

+.59 

3.44+ .27 ' 
2. 77rfc . 18 i 

+.67 

4.10+ .(W 

3. 61+ . 10 

+. 59 

+.62 

T 

2. 'MzL . 09 

+.24 

1.82:1; . 16 

-.09 

3.12+ .11 

-.21 

-.(Ki 

IS 

2. 48i: . 10 

+.34. 

2.09+ . 15 

+. 18 

3. 58+ . 38 

+.25 

+.26 

20 

2. OOi: . 10 

+. 46 

2.28± .27 , 

+.37 ! 

! 3.86+ .15 

+.53 . 

+.45 

24 

2.8:i± .11 

+.69 

2.:M± .05 

+. 43 ' 

' 3, 70+ . 13 

+.37 

+.50 


2.781: . ll 

+.64 

2. 561; . 29 

+.65 

3. 72+ . 21 

+.39 , 

+.56 

on 

2. 83.1: .11' 

+.69 

2. 74± . 29 

+.83 

; 4.08+ .11 , 

+.75 , 

+.76 

... 

2. 14 ,1: .09 , 


l.WldL .20 ' 

. , - .i 

1 3. 33+ . 19 







Figure 2. — Irregular stand of cotton due to irregular distribution of 4-^4 fertilizer applied at a 
rate of 800 pounds iier acre in a 2-inch band 2 inches below the seed. Tlw spacing of tlie bunchy 
of plants in the foreground corresponds closely to the length of the delivery cycle (6.4 feet). 
The correspondence, however, in other plots was not so close os that shown here 


A certain amoimt of irregularity of spacing is due to iiTe^lar 
planting of the seed, which varied somewhat from an average of about 
12 seed per foot. Tliis variation was greatest in plantings Nos. 7 and 
8. Part of the irregularity of stand was also due to differences m soil 
and viability of the seed. We may assume that all such effects on 
stand will be measured approximately by the value of a for the ^fer- 
tilized checks. These causes should have had about the same effects 
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on each a for the same group, but if the fertilizer at certain points 
prevented seeds from germinating, the corresponding value of <r will 
be higher. Consequently the differences between the values of <r 
for the fertilized and corresponding check plots are an indication of 
the effect of the irregular distribution of the fertilizer on stand, 
irregular distribution of the fertilizer increased the value of o- by a 
maximum of about 0.8. This of course means that a number of seed 
were jireventcd from gernunating at several points in each plot where 
excessive amounts of fertilizer were deposited. When the differences 
between a for the fertilized and unfertilized plots are averaged for the 
three plantings, as shown in the last column of Table 2, and correlated 
with the corresponding values of F, r equals 0.920 ±0.030. 

Thus, although irregular distribution had no marked effect on the 
percentage of germination in these tests, it did have a measurable 
effect on the uniformity of spacing of the plants, and the effect was 
proportional to the degiee of variability of distribution. Fertilizers 
when uniformly applied had no very significant effect on either 
percentage of germination or uniformity of stand. 

EARLY GROWTH AND BLOOM 

After the plants were well started a tapelino was laid beside the 
rows, and the plants were thinned by hand wherever possible to a 
stand of one plant every 6 inches. The height of a dozen })lant8 from 
each plot was measured at this time. The heights given in Table 3 
were obtained by averaging the mean figures from the four replicates. 

Table 3. — Average heights of cotton plants as an indication of rate of growth for 
different degrees of variability of distribution (F) of fertilizers 


Fertilizer and rate of appliaition per 
acre 


0 

K 


800 pounds, 


0 

10 

15 

56 


None 

267 pounds 12-24-12*. 


0 

18 

20 

24 

31 

m 


None 

Mean probable errors of heiRlits 

r between V find heights of plants 

Probable errors of r 


Average heights of plants (inches) standing in— 

Norfolk coarse 

Cecil sandy clay 

C'ecil sandy clay 

sand|^plaiiting 

loam, planting 
No. 7 

loam, planting 
No. R 

June 11 

July 9 

June 15 

July 3 

Juno 15 

July 3 

7.4 

13.1 

12.2 

17.8 

7.4 

15.1 

7.1 

12.3 

10.7 

16.8 

7.3 

12.7 

7.3 

10.8 

10.7 

15.0 

7.2 

12.3 

6.8 

12.6 

10.8 

14.6 

7.7 

11.5 

7.0 

12.6 

9.9 

14.4 

7.4 

11.0 

6.8 

11.2 

9.3 

15.4 

7.4 

11.6 

4.5 

7.5 

7.1 

11.5 

6.0 

10. 1 

7.2 

14.6 

11.0 

15.9 

7.1 

11.1 

6.6 

12.6 

8.9 

13.6 

7.3 

11.5 

6.6 

9.6 

9.1 

13,7 

6.9 

12.5 

5.8 

10.5 

9.5 

15.2 

7.3 

12.5 

6.1 

10.9 

9.2 

14.8 

7.4 

11.8 

6.5 

i 10. 2 

9.2 

14.1 

0.9 

12.5 

4.5 

! 7.4 

7.4 

! 11.1 

6.3 

10.2 

db,18 

±.37 

±.17 

±.32 

±.10 

±.32 

-.501 

-.612 

-.686 

-.413 

-.285 

-. 182 

±. 146 

±.122 

±.103 

±.161 

±.179 

±.188 


“ Approximately; for exact rates see Table 1. 


A rather definite correlation is shown between V and the average 
rate of ™wth by the values of r at the bottom of Table 3. In general 
the uniformly fertilized plants grew more rapidly than the imevenly 
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fertilized ones, and they also varied less in size, as will be seen by 
comparing Figures 3 and 4. 

The results of bloom counts are g^ven in Table 4. Althougli some 
of the figures are erratic, uniform distnbiition of fertilizer appears to 
be of real value in promoting early blooming. 



FKiVKE 3.— A, Unfertilized cotton plants used as clieeks; IJ, uniformly fertilized plants 


Tahlr 4. — Number of cotton-plant blooms per plot as related to various degrees of 
variability of distribution ( lO <*f fertilizers 

I Numlier of blooms i)er plot on plants standing in— 


Fertilizer and rate 
of api>lieatioii 


Norfolk coarse sand. 

C^ecil sandy clay loam, 

(Jecil sandy clay loam. 

V 

1 

ilaiitiiig No. 

1 

I 

dtmting No. 

7 


hunting No. 

8 

I»er acre 


July 

18-24 

July 

25-31 

Aug. 

1-3 

Tobil 

July 

20- 

Aug.l 

Aug. 

2-8 

Aug. 

9-10 

, 

Total 

July 

26- 

Aug.l 

Aug. 

2-8 

Aug. 

9-10 

Total 


0 

14 

60 

27 

101 

53 

122 

60 

235 

43 

116 

64 

222 


8 

6 

54 

28 

87 

50 

81 

41 

172 

38 

95 

57 

190 

WX) pounds 4-8-4“ ' 

« 

4 

46 

24 

74 

47 

KV) 

35 

187 

40 

HKl 

53 

196 

]0 

8 

61 

26 

05 

45 

93 

50 

188 

27 

Ki 

45 

155 


10 

K 

60 

20 

1 04 

48 

1(72 

46 

1U6 

23 

la*) 

54 

182 


o<> 

8 

50 


: 97 

52 

88 

46 

186 

28 

100 

52 

180 

None . 


0 

0 

1 

1 1 

13 

59 

34 

106 

4 

25 

13 

42 


f‘ o' 

6 

40 

10 

<15 

50 

84 

63 

197 

23 

105 

28 

156 


18 

4 

41 

21 

66 

43 

92 

45 

180 

20 

92 

34 

146 

207 f)OUiKis 12 -24-12“- ' 

20 

24 

6 

3 

81 

45 

15 

10 

51 

67 

:i8 

4.1 

96 

96 

50 

5:1 

184 

190 

22 

16 

8:h 

70 

27 

27 

132 

il3 


81 

4 

50 

18 

72 

24 

87 

32 

143 

4 

29 

14 

47 


06 

8 

26 

12 

41 

32 

99 

50 

181 

13 

66 

26 

105 

None 


0 

0 

1 

J 

15 

48 

31 

94 

2 

22 

7 

31 


* Approximately. For exact rates see Table 1. 

YIELDS 

The crops were harvested in two pickings, and the weights of seed 
cotton converted to an acre basis are presented in Table 5. 



Tablb 5. — Yields of seed cotton {pounds per o/cre) when fertilizers were applied with various degrees of variability of distribution (V) 
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As stated previously, c^very eiFort was made to distribute the ordi- 
nary and concentrated fertilizer at rates of 800 and 267 pounds per 
acre, respectively, and the rates actually obtained are pven in Table 1. 
The.se rates, as well as those used in deteniiinin^ the coefficients of 
variability of distribution, were sufficiently different from the standards 
in some cases to influence the yields. It was therefore desii*able, if 
possible, to correct both sets of figures for these discrepancies. 

The South Carolina experiment station* had been studying the 
effect of varying the rate of application of 4-8-4 fertilizers on the yields 
of cotton for a number of years, under conditions very similar to those 
of the present experiments. These data were used in an attempt to 
correct the present yields in the following manner: Two curves, which 
may be called the master curves, were draw n to represent the relation- 
ship shown by the experimental evidence between rate of application 
and yields. The yield to be corrected and its corresponding check 
yield w’cre then plotted on the same chart with its master curve, and a 
smooth cuiwe of the same shape as the master curve was drawn through 



Fiuurb 4.— Irregularly fertilized cotton plants. Groups of tall plants occur at intervals Approx- 
imately corresponding in length to those of the cycles of delivery of the 4*-S-4 fertilizer ( V— 56) 


the two points. The corrected yields (shown in Table 5) w^re deter- 
mined by the points at which these curves crossed the 267 and 800 
pounds per acre lines in the graph. 

The hand distribution was assumed to have a coefficient of varia- 
bility of zero, as was explained previously. In all other cases V 
could be corrected because it had been determined for each machine 
at two or more rates of application. The coefficients obtained in each 
case were plotted against rate of application and the several poiiits 
were connected by a smooth curve. CorrecU'd coefficients of varia- 
bility were read from these curves and are also given in Table 5. Tt 
will be noticed that the check yields are the same for both fertilizers 
in planting No. 6 but are different in plantings Nos. 7 and 8. This is 
probably because Nos. 7 and 8 were located on terraced land, wdiich is 
characteristic of this section of the Cotton Belt. In the seventh 
planting the 12-24-12 group of tests was on the lower part of a terrace, 

• Bum, T. S., and Warnkr, J. D. cotton FERtiLiaatR expkrimknts. S. C. Agr. Expt. Sta. Bol. 2tf, 
32 p., illus. 192H. 
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Cecil sandy clay loam. A statistical analysis was made of measure- 
mcaits of the crops produced. 

The results indicate that a larger number of seed germinate 
promptly but the seedlings are more irregularly spaced along the row 
when fertilizers are irregularly applied than when they are uniformly 
distributed. 

More rapid and uniform growth, earlier blooms, earlier maturity, 
and larger yields of cotton were produced by uniform applications than 
by irregular ones. The extent of these effects was decidedly sig- 
nificant and varied with the degree of irregularity of distribution. 



ACETIC ACID AND PYROLIGNEOUS ACID IN COMPARISON 
WITH FORMALDEHYDE AS SOIL DISINFECTANTS ' 


Hy WiLiiiAM Jj. Doran 

Research Professor of Botany^ Massachuselts Agricultural Experiment Blation 
INTRODUCTION 

Formaldehyde is one of the most commonly used of soil disin- 
fectants. Its efficacy against fungi in the soil is well established, but 
it has at least two faults. The cost of the treatment is relatively 
high and the time which must be allowed to elapse between treats- 
ment and seeding, if the treatment is not to injure germination, is 
sometimes objectionable. The principal object of the work here 
described was to find a soil disinfectant as effective against fungi, 
lower in cost, and less injurious to seeds than is formaldehyde. 

Ill earlier experiments, the results of which have been described 
by the writer,^ 1.0 to 1.2 per cent acetic acid used as a soil disin- 
fectant was found to protect seedlings from damping off. Similfir 
results with acetic/ acid as a soil disinfectant have since been secured 
by other investigators.^ ^ 

The evidence presented in this paper verifies the conclusions 
previously reached in regard to acetic a(*id and serves as a basis for 
comparing acetic acid, i)yroligneous acid, and fonnaldehyde as soil 
disinfectants. In the present pai)er various dilutions and rates of 
application of acetic, acid, pyroligneous acid, and formaldehj^de are 
compared with each other as regards prevention of damping off 
(caused by species of Pythium and Rhizo('tonia), effect on seed germi- 
nation, and effect on growth (dry weight) of plants. 

METHODS 

The soil used is a water-deposited fine sandy loam. In all cases 
(except in a forest nursery, to which reference is made* b(dow) maiiui’e 
was composted with this soil as in ordinary greenhouse practice. 
The soil jirior to the application of the treatments contained water 
to the extent of 60 per cent of its water-holding capacity (except as 
otherwise indicated). 

For each series of experiments, all seeds were sown the same day, in 
order that the effects of the treatments on growth of plants might be 
c.ompared. Treatments were in triplicate and 900 seeds of beet, 
cucumber, and lettiuie were used for each. Seeds were sown at the 
rate of 50 per linear foot. After germination was completed and 
damping off had ceased, seedlings were thinned so as to leave the 
same number per linear foot, in order that competition between plants 
should not interfere with the effects of soil treatment on growth. 


> Receive<l for publication Oct. 20, 1031; issued May, 1932. Contribution No, llOof tbe Massachusetts 
Aftricultural Kxperiment Station. ^ 

* OoftAN, W. L. ACKtic ACID AS A SOU. lUSiNFECTANT. JouT. Agr. Research 36: 2ti9-280, illus. 1928. 

» Anderson, r. J., Swanback, T. H., and Btrekt, O. K., and others, damping off of yovng toBArco 
SEEiH,tMas. Conn. Agr. Kxpt. Sta. Bui. 311: 269-270. Illus. 1930. 

* Slate, W. L. botany. Conn. Agr. Expt. Sta. Bui. 318: 767. 1930. 
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Three weeks later the plants were pulled, washed, and dried to constant 
weight. 

The dilutions of j)yroliffneoiis acid, acetic acid, and formaldehyde 
which were applied to soil are recorded in Table 1, as are also the 
intervals of time wliicli elapsed after soil treatment and before 
seeding. Except as is otherwise indicated, the diluted chemicals were 
applied to soil at the rate of 2% quarts per square foot. 

Undistilled pyroligneous acia was used. As described by the 
manufacturers, it was made by the destructive distillation of hard- 
wood (beech, birch, and maple) in sealed retorts. Pyroligneous acid 
was found to have certain advantages over either acetic acid or formal- 
dehyde as a soil disinfectant, and the results are accordingly presented. 
Further work will, however, be nocessaiy before the observed effects 
of pyroligneous acid on fungi in the soil can be traced to each of its 
several constituents, since, according to Hawley,® pyroligneous acid 
is not a chemical compound but contains a number of constituents, 
including acetic acid, methyl alcohol, formaldehyde, and furfural. 


Table 1 . — Effects of formaldehyde ^ acetic acidy and pyroligneous acid on seed 
germiuationy damping off of seedlingsy and dry weights of plants 
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Pyroligneous acid, 4:100 
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Pyroligneous acid, 5:100 

13 




0 

0 
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Pyroligneous acid, 10:100 

13 





0 


27.40 


• Number of seedlings which came up for each 100 beet seed balls sown. 

• Hawley, T^. P. wood distillation. 141 p., iilus. New York. 1923. 


EFFECTS OF SOIL DISINFECTANTS ON DAMPING OFF OP 

SEEDLINGS 

The average perc^tages of seeds which germinated, seedlings 
whidi damped off, and weight of plants are recorded m Table 1. 
Damping off was severe in untreated soil, for in it 40 per cent of the 
beet seedlings, 61 per cent of the cucumber seedlings, and 45 per cent 
of the lettuce seedlingB damped off. There was no damping off in 
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soil to which formaldehyde 1:50 (1 gallon of formaldehyde with 49 
gallons of water) had been applied 10 days before seeding. 

All damping off of the seedlings of beet, cucumber, and lettuce was 
also prevented by acetic acid 1.19 per cent applied to soil 5 or 13 days 
before seeding and at the rate of 2% quarts per square foot. In other 
experiments conducted by the writer damping off has been prevented 
equally well by acetic acid 1.19 per cent applied to soil at the rate of 
2 quarts per square foot. Thus used, the cost of the acetic-acid treat- 
numt, per unit area of soil, is about three-fourths of the cost of soil 
treatment with formaldehyde. 

In connection with this use of acetic acid, experiments uith vinegar 
as a soil disinfectant were undertaken, for vinegar is, of course, 
readily available to every farmer and garden tir. The user of vinegar 
is relatively certain of obtaining a standardized produ(*i as regards 
contemn t of acetic acid, for, according to the standard adopted in 
enforcing the Federal food and drug act,** cider or apple vinegar (also 
grapes or wine vinegar, malt vinegar, sugar vinegar, glucose vinegar, 
and sjiirit vinegar) must (contain not less tlian 4 g of acetic acid 
per 100 cc.. Such vinegar when diluted by the addition of 
parts of water to 1 part of vinegar (by volunuO will, therefore, contain 
in this dilution about 1.10 per cent acetic acid. Vinegar thus diluted 
was applied to soil (at the rate of 2 quarts per square foot), and 10 
days later tobacco seeds were sown in the treated soil and in soil not 
treated. Seeds germinated well (equally well in both cases), and as 
may be seen by reference to Figure 1, there was no damping off in 
soif to which vinegar had been applied, although the disease was 
severe in the untreated soil. 

In earlier experiments,^ seedlings of white spruce were protected 
against damping off by 1.12 per cent acetic acid applied to soil at the 
]‘ate of 1.64 quarts per square foot seven days before seeds were sown. 
With the object of improving upon this method for use in forest nur- 
series, acetic acid (0.47 to 0.80 per cent) was applied to seed beds, at 
the I'ate of three-fourths of a quart per square foot, immediately after 
the seeds of red or Norway pine {Pinm resinosa Sol.) were sown. 
Damping off was severe in the untreated soil. Living seedlings (in 
4 square feet of each seed bed) were counted three months after the 
date of seeding. The results arc recorded in Table 2. Seed 
germination was improved, damping off was controlled, and the 
number of seedlings living three months after seeding was increased 
most (more than 700 per cent) by 0.8 per cent acetic acid (4.2 pounds 
of 80 per cent acetic acid diluted with water to 50 gallons) applied to 
the soil at the rate of three-fourths quart per square foot immediately 
after seeding. The merits of this treatment for the prevention of 
damping off in a forest nursery are the successful control of damping 
off, the harmlessness to seeds (of red pine), the relatively small 
amount of water, and therefore of labor, needed, and the avoidance 
of delay between soil treatment and seeding. 


• Unitkd States Department Aghicultuhe, Foon and D J 
STANDARDS FOR FOOD PRODUCTS. U. 8 . Dept. Agp., F ood and Drug Admin. Ser. and Kegulat. Announc., 
Fond and Drug No. 2 (second revision), 19 p. 1931. 

» Doran, W. Ta Op. cit. (See footnote 2.) 
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Fiourx 1.— Tohaotjo aeodlinss protected egaiUKt damping oft by eoil treat- 
ment with pyroligneoue acid and with vinegar: A, PyrolTgneoud acid, 2 :100, 
aiiplled to soil at the rate of 2 quarts per square foot (7 days before seed- 
ing); B, vinegarnl part with water 2>i parte (by volume) applied to soil at 
the rate of 2 quartejper square foot (10 days betore seeding); C, check, no 
disinfectant used 
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Table 2. — Effects of soil treatment with various strengths of acetic add on the 
damping off of the seedlings of red pins 

Living Increase 

seedlings in seed* 

per square lings per 

foot unit area 

(3 months as 

after (X)mpared 

seeding) with check 

JSiumber Per eenl 

37 

163 340 

265 616 


All damping off of seedlings listed in Table 1 was prevented by 
piyoligneous acid 10:100, 5:100, and 4:100.® Pyroligneous acid 
3:100 prevented all damping off of cucumber and lettuce seedling, 
but there w-^as a little damping off of beet seedlings, 2 to 3 per cent, in 
soil to which pyroligneous acid 3:100 had been applied. In these 
experiments, pyroligneous acid 4:100 w^as as effective in preventing 
all damping off as was formaldehyde 1 : 50 or acetic acid 1.19 per cent. 
In other experiments, damping off of seedlings was controlled equally 
well by pyroligneous acid 31^:100, applied to soil at the rate of 2 
quarts per square foot. Thus used, the cost of soil treatment with 
|)yroligneous acid 3J^:100 was about 58 per cent of the cost, per unit 
area, of soil treatment with formaldehyde 1:50. 

In the experiments recorded in Table 1 pyroligneous acid 1:100 or 
2:100 did not prevent all damping off of the seedlings of beet, cu- 
cumber, and lettuce. Those concentrations are considered too dilute 
to b(^ dependable, although in some cases pyroligneous acid 2:100 has 
given adequate protection. When pyroligneous acid 2:100 was 
applied to soil at the rate of 2 quarts per square foot seven days 
before tol)acco seeds were sown there was, as may be seen by refer- 
('iice to Figure 1, no damping off of tobacco seedlings grown in soil so 
treated, although the disease was severe in untreated soil. 

EFFECTS OF SOIL DISINFECTANTS ON SEED GERMINATION 

In the untreated soil 60 per cent of the cucumber seeds and 45 per 
cent of the lettuce seeds germinated and 83 beet seedlings came up 
for each 100 beet seed balls sown. Much of this poor germination 
was due to the decay of seeds resulting from the attack of damping- 
off fungi in the soil. 

The germination of the seeds of beet and cucumber was improved, 
and the germination of the seeds of lettuce was unaffected by for- 
maldehyde 1 : 50 applied to the soil 10 days before seeding. 

The gennination of the seeds of beets was injured by 1.78 per cent 
acetic acid, and on the basis of these and other experiments it is not 
considered necessary to use a greater concentration of acetic acid 
than 1.2 per cent for soil disinfection. 

The germination of these seeds was improved as much^ or more, 
by 1.19 per cent acetic acid as by formaldehyde, and this was the 
case in the experiments represented in Table 1, whether acetic acid 

• Dilutions of pyroligneous acid to which reference is made in the text and in Table 1 are indicated as 
number of parts (by volume) of pyroligneous acid in 100 parts of water. 
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was applied to the soil 5 days or 13 days before seeding. In other 
experiments by the writer seed germination has sometimes been 
injured, however, if seeds were planted in less than 10 days after the 
application of acetic acid to soil, and this is considered the miniirmin 
tune interval before seeding which is usually safe after soil treatment 
with either acetic acid or formaldehyde. 

In the case of tobacco seed beds the delay which must follow the 
application of these soil treatments in the spring is sometimes objec- 
tionable. This is of course avoidable by applying such treatments 
in the fall; and, as observed by the writer, best results have been se- 
cured in tobacco seed beds when the soil was disinfected with acetic 
acid in the fall rather than in the spring. 

Chemical soil disinfection of tobacco seed beds in the spring may 
have another disadvantage, for if the soil is very wet, as it often is at 
that season, neither acetic acid nor formaldehyde as ordinarily ap- 
plied always prevents all damping off. Earlier investigators® liave 
suggested applying formaldehyde to tobacco seed beds in the fall 
rather than in the spring if the soil is likely tn be very wet. Their 
conclusions are supported by the results of experiments by the 
writer, in which formaldehyde 1:50 (2 quarts per square foot) was 
less effective in preventing damping off when applied to water- 
saturated soil than it was when applied to soil which, previous to 
treatment, contained water to the extent of 50 per cent of its water- 
holding capacity. 

As may bo seen by reference to Table 1, the germination of the seeds 
of beet, cucumber, and lettuce was in most cases improved and in no 
case injured by soil disinfection with pyroligneous acid 2:100, 3:100, 
and 4:100. Seeds were uninjured even though the interval between 
soil treatment with pyroligneous acid 3 : 100 or 4 : 100 and seeding was 
reduced to one or two• ** days. In other experiments it was, however, 
found unsafe to shorten this interval to less than one day or to apply 
pyroligneous acid 2 : 100, 3 : 100, or 4 : 1 00 to living plants. When these 
treatments were applied, at the rate of 1 quart per square foot, to 
seedlings of beet, cucumber, and lettuce which had begun to damp off, 
the plants were severely injured. Wlien pyroligneous acid 3 : 100 was 
applied to soil at the rate of 2 quarts per square foot, at the same time 
that the seeds of pepper, lettuce, cucumber, and tomato were sown, 
the germination of the seeds of cucumber and tomato was unaffected, 
but the germination of tlie seeds of pepper and lettuce was injured. 

These observations lead to the conclusion that pyroligneous acid 
like acetic acid or formaldehyde should be applied to the soil before 
sowing most seeds. But in the experiments above described and with 
the seeds used it was safe to apply ;pyroligneous acid to the soil as late 
as one day before seeding, and this is a matter of convenience which is 
sometimes important in practice. 

EFFECTS OF SOIL DISINFECTANTS ON DRY WEIGHT OF PLANTS 

By reference to Table 1 the dry weight of beet and cucumber seed- 
lings in each of the several soil treatments may be compared with the 
dry weight of plants in untreated soil. There was considerable in- 
crease in dry weight of plants following most treatments, and it was 
greater with cucumber than with beet. 

• SxtBT, A. n., Housbr, t., and Humbert, J. O. »ow to disinfect tobacco pi.antbki>s from 

BOOT^Bot fvjtavs (trxelavia). Ohio Agr. Expt. Stft. Clrc. 166, 5-8, Ulus. 1915. 
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The dry weight of plants was increased by the application of for- 
maldehyde to the soil 10 days before seeding. Acetic acid 1.19 per 
cent was no less beneficial, for in soil to which it had been apphed the 
dry weight of encumber seedlings was increased more and the dry 
weight of beet seedlings was increased as much as by formaldehyde. 
In these, as in other experiments, the application of acetic acid 1.19 
per cent, at the rate of 2 or 2^ quarts per square foot of soil, was 
followed by an improved growth of plants, and the improvement in 
growth was ordinarily as gieat as that associated with the use of for- 
maldehyde. Even the use of acetic acid 1 .78 per cent, a conc‘entratioii 
which may injure seed germination, was without any injurious effect 
on the gi'owth of beets in soil to which this treatment had been 
applied 13 days before seeding. 

There was no retarding of growth of jilants in soil to which pyrolig- 
neous acid 1:100, 2:100, 3:100, 4:100, orlOO, and 10:100 had been 
applied, even though the treatments with pyroligneous acid 2:100, 
3:100, and 4:100 were apidied to soil only one or two days before 
seeding. I)iy weight of cucumber seedlings was increased more by 
pyroligneous acud 3:100 or 4: 100 applied to soil two days before seed- 
ing than by formaldehyde 1 150 applied to soil 10 days before seeding. 
The dry weight of beet seedlings was also increased by these treat- 
ments, and the increase, as compared with that which followed the use 
of formaldehyde, was greater with pyroligneous acid 3:100 and less 
with pyroligneous acid 4:100. In these and in other experiments by 
the writer the benelicial effect of soil treatment with pyroligneous 
acid on growth of ])lants was no less than with formaldhyde. 

SUMMARY 

Acetic acid was as safe and as eff<H*.tive a soil disinfe(‘tant as formal- 
dehyde, and the cost of soil disinfection with acetic acid was less 
than with formaldehyde. Damping off of seedlings (of beet, ciM'urnber, 
and lettuce) was prevented without injiuy to seed germination and 
with benefit to growth of plants by soil treatment with 1.19 per cent 
a(*.etic acid (1 gallon of 5f) per cent acetic acid or 2% quarts of 80 
per cent acetic acid with water to total 50 gallons), applied at the rate 
of 2 to 2)2 quarts per square foot of soil. An application of 2 quarts 
per square foot was usually enough. 

Best results with acetic acid against soil-bome fungi in tobacco 
seed beds have been secured when the soil was treated in the fall 
rather than in the spring. 

With acetic acid, as with formaldehyde, it was necessary that there 
be some interval of time, usually 10 days, between soil treatment and 
seeding; otherwise seed germination was injured. 

Damping off of seedlings (of tobacco) was prevented with no injiuy 
to germination by vinegar 1 part diluted with water 2K pai*ts (by 
volume), applied to soil at the rate of 2 quarts per square foot 10 days 
before seeding. 

Seedlings of red or Norway pine were protected against damping 
off, and germination was not injured by acetic acid 0.8 per cent (ecjual 
to 6 pounds of 56 per cent acetic acid or 4.2 pounds of 80 per cent 
acetic acid with water to total 50 gallons), applied to soil at the rate 
of tliree-fourths of a quart per square foot at the time of seeding. 
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Pyroligneous acid 3:100 to 4:100 applied to soil at the rate of two 
quarts per sjiuare foot protected seedlings from damping off, and this 
treatment did not injure the germination of the seeds of beet, cucum- 
ber, and lettuce even when it was applied to the soil as late as one day 
before seeding. Soil treatment with pj^oli^eous acid resulted in an 
increase in the dry weight of plants. Per unit area of soil treated, the 
cost with pyroligneous acid was less than with either formaldehyde or 
acetic acid. Pyroligneous acid was as effective a soil disinfectant as 
formaldehyde or acetic acid, and safer and cheaper than either. 



THE INFLUENCE OP PHOSPHATES ON THE PHOSPHORIC 
ACID CONTENT OF THE PLANT » 


By A. W. Blaiu, Soil Chemist^ and A. L. Prince, Assistant Soil Chemist, New 
Jersey Agricultural Experiment Station 

REVIEW OF PREVIOUS INVESTIGATIONS 

During the last 15 or 20 years nnicli attention has lieen given to 
tlie matter of improving pastures in this country as well as in Europe. 
This in turn has led tf) renewed intej est in the mineral requirements of 
animals and to a study of the so-called mineral deficiency in pastures 
and feeding materials. Orr ^ cites McDougalUs estimate that the 
value of the grassland products annually consumed in Great Britain 
is rouglily 426,000,000 pounds. He further says: 

Considerably more, than half of these is inu)orted, the imports foriiiijifj; nearly 
a (piarter in money value of our total imports * * * British Isles 

there are 34,000,000 acres of grass of one kind or aiiother, and there arc numerous 
tracts of jiasture. lands in the Dominions and C'olonies. As ]>asturc is the raw 
material of many of the primary necessities of life, for which there is a conjitant 
market, the improvement and better exploitation of these jiastures is one of the 
surest methods of securing the stable prosperity of the Empire. 

Recently much interest has centered in the influence of fertilizers 
on the mineral comixisition of the plant. An attempt has been made 
to find out to what extent the low value of certain pastures is due to 
mineral deflciences in the soil. In this connection Russell ® says: 

Phosphate starvation markedly affects the composition of crops, lowering their 
nutritive value to animals and their special quality values to men. Over large 
areas of the world, soils are very deficient in phosphate. Those occurring in 
jiarts of South Africa carry a natural herbage which causes deficiency diseases in 
cattle; the affected animals devour bones with great eagerness, even putrefying 
bones when the deficiency is pronounced, so that they become liable to a particu- 
lar ptomaine poisoning. The obvious remedy is to feed the cattle with bone meal. 
Similar diseases occur in Australia, where also the arable land shows astonishing 
benefits from small dressings of superphosphate. In the Romney Marsh the 
liest fatting pastures are richer in iihospliates than the poorer ones, -"this is gener- 
ally true of lingland and France. 

Investigations in New Zealand have shown that basic slag and 
superphosphate applied to land that is deficient in phosphoric acid 
resulted in increasing the percentage of jihosphoric acid in grasses. 
The influence of the superphosphate was most marked in the early 
spring, but its effect was noted throughout the season. Orr and 
Scherbatofl* ^ have reported at length on some of the problems re- 
lating to the influence of mineral fertilizers on the composition of 
pasture grasses. Their investigations led them to conclude that 

the mineral composition of pasture is affected by the composition of the soil on 
w'hich it grows, and that the alteration of the composition of the soil by the 
application of fertilizers increases the mineral content of the pasture, the increase 

1 Koceived for publication Oct. 26, mi; issued May. 1932 

* OHR, J. B., and SCHfillBATOFP, H. MINEBAIJ) IN FA8TURK6 AND THEIR RELATION TO ANIMAL NUTRITION, 
p. J-2. London. 1920. 

3 liussKLL, E. J. SOIL CONDITIONS AND PLANT GROWTH. Ed. 6, p. 81. London, New York [etc.]. 1027. 

4 ORR, J. B., and Scherbatoff, H. Op. cit., p. 48, 
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beii^g most maiked in poor soils. The increase is due partly to the fact that the 
individual plants are enriched, and partly to the fact that the fertilizers pro- 
mote the growth and spread of species of plants which are naturally richer in 
minerals. 

Studies made in various parts of the United States have shown 
that soils wliich are naturally rich produce grasses high in mineral 
constituents. It has also been shown that when phosphates are 
applied to poor soils the phosphoric acid content of the crop is gener- 
ally increased. In studying this problem, several investigators 
have noted that the mineral treatment may distinctlv influence the 
type of vegetation. It has likewise been noted that the composition 
of the vegetation depends more or less upon the date of cutting. 
Very young grass may contain a high percentage of phosphorus, but 
on account of the small yield in the early part of the season the total 
phosphorus tliat could be obtained by grazing cattle may be small. 

Crowther and Kuston ® found that in the majority of cases the 
percentage of pliosphoiic acid decreased up to and including the 
third cutting. Their results have been confirmed by others, although 
work done at the New Jersey Agricultural Experiment Station indi- 
cates a somewhat higher percentage of phosphoric acid in the mixed 
herbage of July, August, and September than was found in herbage 
cut in the early part of the season. 

EXPERIMENTAL WORK 

As a further contribution to this subject it seemed worth while to 
make a study of the phosphate content of crop samples from the 
cylinder experiments and the soil-fertilitj^ plots of this station. Tlie 
original cylinder soils have received definite fertilizer treatment for 
32 yeara, and the field plpts for 22 years. 

If mineral fertilizers influence the mineral composition of the plant, 
surely crops grown on soils without phosphate or with definite phos- 
phate treatment for so long a time should give some evidence of sucii 
treatment. Therefore phosphoric acid has been determined in a 
number of crop samples from the field and cylinder experiments in 
which phosphates have been used for a number of years. Determina- 
tions have been made on the following crops: Wheat and oats, both 
grain and straw; corn, grain and stover; corn forage; timothy hay; 
rye, grain and straw; young lye (samples collected in the late fan); 
soybean hay; barley, grain and straw; barley (^ain and straw 
together); rape; potatoes. Tables showing the different phosphate 
treatments and the percentage of phosphoric acid in the crop are 
given. Unless otherwise specified, nitrogen was used in quantities 
equivdent to 320 pounds of nitrate of soda an acre and potash in 
quantities equivalent to 320 pounds an acre. 

CYLINDER EXPERIMENT WITH OATS AND CORN 

Oats and corn were grown in Penn loam soil in cylinders without 
fertilizer and with different fertilizing materials, this soil having been 
under cultivation and treatment for about 30 years. The soils of one 
series were limed at intervals of 5 years, while those of the other series 
were limed and also produced two legume green-manure crops in the 

* OsdwtmtB, O., and Rustok, A. O. tbs imfluencjc or Tin k or cuttimo upon txbld and composition 
or BAT. Joor. Agr. Sd. [EnglaiM} 4: 806-817. 1012. 
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course of the 5-year rotation. The crop was analyzed for phosphoric 
acid with the results shown in Table 1. In this case plants grown in 
the cylinders without treatment showed the lowest percentage of 
phosphoric acid, lliose wdth minerals or minerals and nitrate of 
soda showed a distinct increase in phosphoric acid, while those that 
received minerals, nitrate of soda, and manure showed an increase of 
as much as 40 per cent. A smaller but distinct increase was noted 
in the oats grain where minerals and nitrate w^ere used on field plots, 
(Table 8.) The difference between those with lime and those with 
lime and green manure is scarcely significant. 


TAhTiK ]. — Phofiphoric acid amiejit of oats {grain and straw) and corn {forage) 
grown in cylinders with different fertilizer Irealments^ 19H0 


1 

Phosphoric acid content (per iieiit) of 



crops grown on 


yi- 

Fertilizer treatment 
er 
' 0 . 

Limed 

(B 

plots 

s) 

Limed plots with 
green manure added 
(CVS) 

i 

Oats 1 

( 'orn 

Oats 

1 

Corn 

■ ■ i i 

] i No fertilizer 

0. m 1 

0. KtU) 

0.937 ■ 

0.868 

2 { Minerals « 

i.2:t7 ; 

.029 

J. 174 

1. 192 

'A 1 Minenils and manure 

1.330 ; 

1.3G5 

l.:i30 i 

1.296 

7 1 Minerals and nitrate of soda 

1. 102 • 

1.122 

1. 145 ! 

1.167 

K 1 Minerals and double nitrate of soda . . . 

). 150 i 

l.OlU 

1.128 : 

1. 019 

» Minerals, nitrate, and manure... 

1.375 1 

1. 145 

1.318 i 

1.110 

lU Minerals, double nitrate, and manure 

1.330 ! 

1. 122 

1.342 ; 

1.019 

1 7 M inerals and ammonium sulphate - 

1. 133 1 

l.OSM 

1. 1(58 , 

1.088 

Average 

1.213 I 

1.081 

1 1. 193 . 

1.094 


** Miiierul.S'*' (i4l) iKiiirid.s tif siiiiorpliosphule and inuiiuIs of muriate of (lotasli ])er acre. 


(’YLINI)ER EXPERIMENT ON THE INFLUENCE OF NITUOCJEN, PHOSPHORIC ACID 
AND POTASH ON THE PHOSPHORIC A(nD CONTENT OF BARLEY 

In growing bailey in Sassafras silt loam in cylinders, idiosphoric 
acid in the form of superphosphate was used in three different quan- 
tities, with a single and also a double portion of potash, and with dif- 
ferent nitrogenous materials furnishing equivalent amounts of nitro- 
gen. The fertilizer treatment on this soil was begun in 1923. The 
1930 crop was harvested just before maturity, and determinations 
were made on the Main and straw together. The results are shown 
in Table 2. The double and triple phosphate treatments produced 
slight increases in the phosphoric acid content of barley as compared 
with the single treatment. The differences between the single and 
double potash treatments are not significant. In every case tlie 
plants from the cylinder that did not receive nitrogen showed a 
higher percentage of phosphoric acid in the dry matter than did those 
that received nitrogen. The plants in the cylinders that received 
nitrate of soda showed a higher percentage of phosphoric acid than 
did those receiving the other nitrogenous materials. With slight 
exceptions, the percenta^s varied from about 0.7 to a little over 1 
per cent P2O5. This soil originally (1922) contained about 0.11 per 
cent P2O5. 
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Table 2. — Phosphoric acid content of barley when fertilized with different nitrog- 
enous materials, and with different quantities of phosphoric acid and potash, 1930 


"i ■ ' 

Pliosphoric acid coutent (per cent) of barley grown with— 



Single PsOt treat* 

Double PsOs treat- 

Triple PjOs treat- 

Nitrogen treatment 

nient and— 

ment and— 

inent and ■ - 


Single 

Double 

Single 

Double 

Single 

Double 


K2<> 

Kii) 

KjO 

KjO 

KjO 

KiO 


treatment 

treatment 

treatment 

Lreatinent 

treatment 

treatment 

No nitrogen 

i.oag 

0.804 

1.090 

1.113 

1 . 130 

1.060 

Nitrate of soda. 

.023 

.790 

.980 

.958 

.814 

.808 

Sulphate of ammonia 

.704 

.710 

.825 

.681 

.814 

.81.3 

Dried blood 

.74 fi 

.652 

.849 

.831 

.883 

. 935 

H nitrogen from eatdi of above three .. 

.760 

.687 

.774 

.808 

.882 

.837 

Average 

.781 

.711 

.857 

.820 

.848 

.848 


CYLINDER EXPERIMENT ON THE INFLUENCE OP PHOSPHATE ON THE PHOSPHORIC 
ACID CONTENT OP CORN FORAGE GROWN ON SOILS VARYING IN MECHANICAL 
COMPOSITION 

Corn forage was grown on soils varying in mechanical composi- 
tion and with varying amounts of fertilizer, and sairi])Jes of the dry 
material were analyzed for phosphoric acid. Tlie results of the 
work are given in Tfable 3. The average phosphoric acid content of 
the dry matter for the crop grown on loam soil was 0.535 per cent ; 
for the crop on loam soil with 20 per cent of sand the average was 
0.634 per cent, and for the crop on loam soil with 40 per cent of sand 
it w’^as 0.549 per cent. The average phosphoric acid content of dry 
matter of the crop grown in cylinders without fertilizer was slightly 
over 0.7 per cent. With 'fertilizer at the rate of 200 ])ounds an acre 
the average w^as 0.6 per cent, and with fertilizer at the rate of 500 and 
1,000 pounds an acre it was about 0.5 per cent P2O5. It will be noted 
that the dry matter of the forage grown in cylinders with 20 i)er cent 
of sand showed a higher percentage of phosphoric acid than did that 
of forage grown on loam soil or on loam soil with 40 per cent of sand. 
In the fertilizer-treatment experiments, the forage grown in cylinders 
receiving no fertilizer had a higher average percentage of phosphoric- 
acid than did that grown in cylinders receiving fertilizer. Forage in 
cylinders receiving fertilizer at the rate of 200 poimds an acre had a 
higher average percentage of phosphoric acid than did that in cylin- 
ders receiving 500 and 1,000 pounds of fertilizer an acre. This is not 
in agreement with other work reported here. Attention has already 
been called to the fact that in a number of cases heavy applications 
of superphosphate resulted in some increase in the phosphoric acid 
content of the crop. In this case, however, the yield of dry matter 
was very much increased as the amoimt of fertilizer applied was in- 
creased, and this resulted in a proportionate increase in the amount of 
phosphoric add removed in the crop. It is therefore possible that 
this increased demand for phosphoric add drew so heavily on the 
available supply in the soil as to cause a reduction in the percentage 
in the dry matter of the crop. This seems the only explanation for a 
lowered percentage in the dry matter where the phosphate application 
was increased. 
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Table 3. — Phosphoric acid content of corn forage grown on soils varying in me 
chanical composition^ with and without fertilizer {cylinder experiment) ^ lOSO 


Fortitirer treaUneiif.** 
(pounds p<ir avre) 


Dry inutlor in and phc^phoric acid coiileiit of 
corn forage grown on— 


fioain soil 


TiOain soil KO (ler 
cent, and sand 
2U |»er ceiu 


r ' ' 

Loam .soil fjOi>er 
cent, and sand 
40 jwr coni 


Average 


Without fertllirer. 
200 


.'HXL .. 
1 , 000 . .. 


A veruge 




i ner \ 

Oin ‘ cent i (im > 
1,^)i0.081 i.02l 

201- ..140 i.oorij 
2.14.440: 1.1 HOi 

373:. 40K J.744| 

21.1 ..13.1i 1.24 h| 


Dry 

llUit- 

tor 


(im 

13.11 

2(N} 

277 

40.1 

2.14 


IMio.sphorjc 

acid 


Per 
cent 
lU. 702 
.004 
. .10.3 
,.ii: 

. o:t4j 


dm «• 
1.031 
1.3241 
1.0.37! 
2.0001 

1 . 52 : 1 ; 


Dry 

mat- 

ter 


Cm 

108 

i70 

2 . 1.1 

.370 


220 ! 


Phosphoric 

aciri 


I 


Per 
cent i 
lO. 0S2 
..1»3i 
.431. 
.401' 


(im !> 

0. 73.lj 
1.040 

.04A| 

1. WW! 


..140; 1.14Si 


' Pliosphoric 
luai- j . 

ter : 


, Per i 
(im cent | 
I3I 0.70S! 
102' .OOP 
202. .400, 
3N.1 .492 


(im ^ 
0. 020 
1.1.10 
1.237 
1.002 


243! .5731 1.300 


« The fertilizer used uualyzod 10 iwr cent, NIh. IH i)er cent PeOs, and 10 per ctnjl KaO made from urea, 
high-grade suiJurpliusplmte, and muriate of iK>tash. Half the fertilizer was applied at j)]anting, and half 
near the end of July. 

^ Drams renioviMi from soil. 


CYLINDEH EXPERIMENT ON THE INFLUENCE OF PHOSPHATES ON THE PHOSPHOUIC 
ACID CONTENT OF RYE, SOYBEAN HAY, AND BARLEY 

.III c.ylindor experiments rye was growm on two types of soil, Sassa- 
fras loam aiul I^irtsmouth loam, with vaiyinj? amounts of supei- 
pliospliate and also with raw' rock phosphate in efiuivalent amounts. 
Phosphoric acid determinations wttc made on j^rain and straw , with 
the results shown in Table 4. In ncarl3^ all erases the grain and straw 
from the cylinders that received the heavier applications of super- 
phosphate showed some incTease in phosphoric acid over those that 
received no phospliate treatment. 

With the raw- rock phosphate the increases over the no-phosj)hate 
treatment were slight. Thei’e was little difference between the 
phosphoric acid content of samph^s from the limed and iinlimed sections. 

Soybeans for hay were also grown on these tw'o soils and on a 
third soil, Colts Neck loam, with the same phosphate treatment. 
Results are showm in Table 5 for the 1923 crop and in Table 6 for the 
1930 crop. Determinations of phosphoric acid in rape grown on 
Colts Neck loam, with the same fertilizer treatment as the soybeans, 
are also shown in Table G. 

When 100 and 200 pounds of superphosphate were applied to the 
acre tliere w^as very little increase in the phosplioric acid content of 
the dry matter, but when 500 and 1,000 pounds of superphosphate 
were applied to the acre there w-as nearly always some increase in the 
phosphoric acid content of the dry matter. 
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Table 4. — Phosphoric acid content (per cent) of rye grown on different types of soil 
under different phosphate treatmentSy 19^8 

SXrPEKPHOSPHATE SECTION 


Phosphoric acid content (per cent) of rye grown- - 


With lime on— 


Without lime— 


Phospiiute treatment (pounds per 
ware) 


Sassaftras 

loam 


Portsmouth 

loam 


Sassaft'as j Portsmouth 

loam I loam 



Crain 

Straw 

No phosphate - 

0.8(U 

0.159 

l(K), sui)erphosphHte - 

. 777 

.1.38 

200. superphosphate . 

.886 1 

.14.3 

500, superphosphate. 

.002 1 

.IVi 

1,000 superphosphate 

1.(101 { 

.190 

Average... 

.892 i 

.164 


Crain 

Straw 

Crain 

Straw 

Crain 

Straw 

0.822 

0. 180 

0. 799 

0. 104 

0. 770 

0.115 

.765 

.179 

.871 

.122 j 

.905 

.UA 

.900 

. 174 

.952 

. 159 1 

.890 

. 151 

.936 

.213 

. 952 

. 1.54 1 

.936 

.167 

.900 

. 195 

1.045 

.174 1 

.921 

.180 

. 875 

.190 

.965 

. 152 1 

. 913 

. 16.3 


HAW ROCK PHOSPHATE SECTION 


No phosphate 

0.884 

0. 135 

0.853 

0. 195 

0.890 

0. 169 

0. 843 

0. 148 

Rock pho.sphate equivalent to 100 
pounds sutierphosphate 

.884 

.156 

.000 

. 185 

. 895 

.150 

.8;i7 

. 138 

Rock phosphate equivalent to 200 
pounds superphosphate 

.819 

.143 

.832 

.mi 

.874 

.177 

.80-1 

. 1.5.3 

Rock phosphate equivalent to 500 

pounds superphosphate 

Rock phosphate equivalent to 1,000 

.929 

.138 

: .780 

! 

.177 

.973 

, 164 

.764 

. 164 

pounds suiierphosphate . 

.962 

.166 

i .874 

.148 

.942 

. 161 

.822 

.193 

Average. 

.899 

.148 

I .847 

.178 

.921 

. 165 

.822 ! 

. 162 


Table 5, — Phosphoric acid content (per cent) of soybean hay grown on different 
types of soil under different phosphate ireatnientSy 1928 

SUPERPHOSPHATE SECTION 


Phosphate treatment (pounds per acre) 

j Phosphoric acid (s>iitent (r>er (»nt) of soybean hay gnjwn- • 

With lime 

1 Without lime 

Colts 

Neck 

loam 

Sassafras 

sandy 

loam 

Ports- 

mouth 

loam 

Colts 

Neirk 

loam 

Sa.ssafras 

sandy 

loam 

Ports- 

mouth 

loam 

No phosphate 

0.668 

0.645 

0.526 

0.642 

0.682 

0.531 

100, sai)eri)hosphate 

200, superphosphate.^ 

BOCL superphosphate 

1,0(50, superphospliate. 

Average 

.658 ^ 
.665 
.682 
.705 

.665 

.695 

.721 

.736 

iili 

.653 

.725 

.668 

.707 

.668 

.673 

.718 

.760 

.603 

.611 

.655 

.658 

.676 

~7oi 

.620 

.689 

.705 

.632 


RAW ROCK PHOSPHATE SECTION 


No phosphate 

0.658 

0.070 

0.642 

0.648 

0.658 

0.676 


Bock phosphate equivalent to 100 pounds 
supeiphosphate 

.660 

.058 

.611 

.660 

.666 

.619 

Rook phosphate equivalent to 200 pounds 
supeilplu^phate 

.642 

.611 

.606 

.679 

.674 

.630 

Rook pnospnate equivalent to 600 pounds 
snperahosphatfi 

.686 

! .684 

.617 

.749 

.710 

.614 

Ro^ pho^ate equivalent to 1,000 pounds 

■ jmp^hcMq;>hatft. _ _ __ 

.668 

.676 

.622 

.716 

.668 

.637 




Avense 

.062 

.667 

.614 

.609 

.680 

.625 
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Table 6 . — Phosphoric add content ( per cent) of soybean hay and rape (dry) grown 
on different types of soil wider different phosphate treatments, 19S0 


Phosphoric acid content (|)er (»nt) of crops 




Soybean hay grown on — 


Ftapf, (dry mat- 
ter) grown on— 

Phnsphaie treatment (pounds per 






1 

. .. 1.. 


acre) 

Colts Nw;k 

SasKafra.s sandy 

Portsmouth 

f’olts Neek 


loam 

loam 

loam 

loam 


A“ 

B 

A 

B 

A 

1 ^ 

A 

B 

No phosphate. 

0. 

0.0.52 

0. 430 

0.408 

0. 000 

0,000 

0.804 

0.880 

1 00, superphosphate) j 

.040 

.730 

.427 

.000 

.017 

. 008 

.0(X) 

.980 

200, superphosphate ... \ 

. 004 

.072 

.408 

.040 

.017 

.710 

.00f> 

.780 

.'KH), superphosphate. . . . . ' 

.700 

.71K 

. 007 

. 032 

.721 

. 070 

. 0.08 

. 803 

1,000, superphnsi)hate . . . : 

.702 

.r»40 

.030 

. 000 

. 71.5 

. 744 

.010 


AvonvRe ! 

jm 1 

.002 ! 

.400 ! 


. r>08 

1 . 007 

.034 

. !»00 


“ A and H » duplicate treatments. 


With raw rock phosphate sucli increases as are noted were slifrht 
and in a miinber of cases there was no increase, lime seems to have 
had little influence one way or the other. With the exception of 
tlie soybean )iay on Sassafras sandy loam in 1930, the type of soil 
seems to have had little influence. In this connection it may be ex- 
plained that the (^olts Neck loam is exceptionally hij^h in phosphoric 
acid— -about O.S to 1 per cent; the Sassafras sandy loam is rather low 
in phosj)horic acid, whereas the Portsmouth loam also contains a high 
percentage, though not so high as the C'olts Neck loam. 

In 1923, barley w^as grown on ("‘olts Neck loam with and without 
lime, with the phosjihate treatments outlined above. Phosphoric, 
acid was determined in the grain and straw , with the results show^n 
in Table 7. In this case neither the ])hosphate nor the lime had a 
pronounced influence on the percentage of phosphoric acid in the 
crop. In a number of cases the crop without phosphate showed as 
high or a higher percentage of phosphoric acid as the crop that re- 
ceived 1,000 ])ounds of superphosphate an acre. 

PHOSPHORIC ACID CONTENT OP GRAIN AND HAY IN FIELD EXPERIMENTS 

In the nitrogen-availability field experiments w hich were started in 
1908, certain plots receive no fertilizer, others receive superphosphate 
only, and others superphosphate and muriate of potash, and still others 
a complete fertilizer. Phosphoric acid has been determined in tim- 
othy nay and also in oats and wheat grain from certain of these 
plots, with the results shown in Table 8. It is at once apparent that 
the phosphorus treatment had little influence on the phosphoric acid 
in the timothy hay, and if averages be considered, about the same 
must be said of the oats and wheat grain. With the complete fer- 
tilizer (minerals and nitrate of soda), the oats grain shows a some- 
what higher percentage of phosphoric acid than where no fertilizer is 
used, but the differences are not great. 
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Table 7. — Phosphoric acid content (per cent) of barley grown on Colts Neck sandy 
loam under different phosphate treatments^ 192S 

SUPERPHOSPHATE SECTION 


Phosphoric acid content (pet cent) of 
barley grown— 


Phosphate treatment (pounds ))er acre) 

With limo 

Without lime 


Grain 

Straw 

! Grain 

Straw 

No phosphate 

0.805 

0.187 

! 0.843 

0.135 

100, superphosphate ....... - - 

.028 

.182 

.870 

.148 

200, superphosphate 

.801 

.150 

1 .010 

.156 

.•iOO, superphosphate 

.013 

.107 

.871 

.164 

1,000, superphosphate.... - — — 

.800 

.153 

1 .870 

.130 

Average 

.808 

.165 

1 

1 .885 

1 

.147 


RAW ROCK PHOSPHATE SECTION 


No phosphate.... - 

0.000 

0. 146 

0.842 

0.143 


100, superphosphate 

.023 ' 

.180 

.K61 

.130 

OObj superphosphate.. - ....... ........... 

.003 

.174 

.KK7 

.143 

506 su^rphosphate - ......... - ... ..... 

.OIK . 

.172 

.020 

.128 

1,(K)0 supenihosphate ........ 

.K82 1 

.156 

.010 

.108 


Average j 

.007 1 

.171 

.805 

.150 


Table 8. — Phosphoric acid content (per cent) of grain and hay of various crops 
grown with different fertilizer treatments in a field experiment 


• Phosphoric acid content (per cent) of crops when 
I growTi— 


Plot ! 


No. I 


Fertilizer treatment 


1 i No fertilizer 

2 i Muriate only- 

3 ‘ Superphosphate only 

4 I Minerals” 

i) i Minen^ and nitrate of soda 


Without lime With lime 


1 • 

• - - -- 

, - - ; 

: — 

- — — 



Timothy 
hay, 1026 

Oats 

grain, 

1020 

Wheat i 
grain, 1 
1030 

Timothy 
lhay, 1026 

Oats 

grain, 

1020 

Wheat 

groin, 

1030 

0.404 

1.226 

1.278 

0.454 

1.280 

1.232 

.482 

1.151 

1.267 

.436 

1. 186 

1.220 

.517 

1.128 

1.0R2 1 

.404 

1.205 

1.240 

.606 

1.128 

1.130 

.540 

1.283 

1.284 

.482 

1.364 

1.202 

.476 

1.375 

1.237 


• Minerals 320 i>oands of superphosphate and 160 pounds of muriate of potash on acre. 


PHOSPHORIC ACID CONTENT OP CORN (GRAIN) GROWN ON PLOTS RECEIVING 
DIFFERENT AMOUNTS OF A HlGH-ANALmS FERTIUZER IN FIELD EXPERIMENTS, 
1930 


The soil on which tlie corn used in the field exiieriment of 1930 was 
l^wn is a Sassafras loam of medium quality containing about 0.1 per 
cent phosphoric acid. It has been in com continuously for several 
jes^, the respective plots receiving the same fertilizer treatment each 
yesrr. The fertilizer analyzed 16 per cent_, ammonia^ 18 per cent 
phosphoric acid,Vand ,16 per cent potash. * It was applied in the 
duantities indicated in Table 9. This table also reports the yield of 
djsy shelled com in pounds per acre, the percentage of phosphoric 
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acid in the grain, and the total amount of phosphoric acid removed by 
the crop. 

It will be noted that there was a gradual increase in the yield as the 
fertilizer was increased. The 100-poimd application of fertilizer gave 
only a slight increase in yield over the check and no increase in per- 
centage of phosphoric acid. The 250-pound application gave a dis- 
tinct increase in yield and also a distinct increase in percentage of 
phosphoric acid. The 500 and 1 ,000 pound applications likewise gave 
increases in yield and in percentage of phosphoric acid in the grain, 
the latter giving an increase over the check of nearly 40 per cent 
phosphoric acid. When 1,000 pounds of fertilizer were applied, there 
was about three times as much pliosphoric acid removed in the grain 
as in that from the check plot. 

Tablk 9. — Phosphoric acid content of com {grain) when grown with different 
quantities of a concentrated fertilizer in a field experiment ^ 19S0 



1 1 



I'otal 


! 1 

Yield of 

Pho»- 

ptaos* 


Plot No 1 

dry 

phoric 

phoric 


itmitment! 

shelled 

add 

acid re- 


i 

corn 

content 

iruived 





from soil 


1 7*0/1 wrf/f ’ 





! mr acre i 

Pounds 

Per cent 

Pounds 

MO" 

0 : 

Law 

J.a'iS 

\ 11.00 

IJI... 

100 j 

1,0«7 

1.047 ! 

! 11.17 

1J2 

250 • 

1,474 

1.240 

18.41 

113 


1,544 

1.370 ’ 

' 21. 15 

114 

1 1,000 1 

i i 

2, 151 

1.457 

1 31.34 


» Chw^k. 


THE EFFECT OF PHOSPHORIC ACID TREATMENT ON MIXED 

HERBAGE 

Phosphoric acid was determined in samples of mixed herbage from 
plots that had received different fertilizer treatments. Dr. H. B. 
Sprague of the department of agronomy, who has been conducting 
this work, furnished the samples for these determinations and has 
kindly allowed the winters to use the data. The soil on which the 
plots are located is Chester stony loam. The fertilizers were applied 
in early April, and the pasture was clipped every two weeks. The 
samples from the different plots were composites of the different 
cuttings throughout the season and therefore do not represent the 
seasonal influence on the crop. 

The results are shown in Table 10. In every case the grass from 
the phosphate- treated plots showed a higher percentage of phosphoric 
acid than did that from plots without phosphate treatment. While 
it is not safe to draw^ deflnite conclusions from so limited a number 
of determinations, the results do show a distinct increase in the phos- 
phoric acid content of the hay where superphosphate was used. 
Doc.tor Sprague is of the opinion that these differences may be due 
largely to differences in the vegetation which resulted from the 
fertilizer treatment. He foimd, for example, more clover on the phos- 
phate-treated plots than on those without phosphate. 

This is a phase of the question which must be considered when deal- 
ing with mixed herbage. Also the influence of the time of cutting 
must not be overlooked. Reference has already been made to these 
points. 
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Table 10« — The effects of phosphoric add treatment and the application of other 
fertilizers upon the phosphoric add content (per cent) of mixed herbage 


No. 


'I'reatment 


Lime 

Lime plus superphosphate 

T.imn plus muriate of potash.. 

Lime plus muriate of potash j^us superphosphate 

Lime plus superphospoate plus muriate plus nitrate.. 
None.. 


Superphosphate. 
Muriate of potash. 


Superphosphate plus muriate plus nitrate.. 


Average 


Feroent- 
am of 
pnos- 
phoric 
acid as 
PiOs 


a 76(1 
.962 
.704 
.908 
.958 
.721 
.940 
.687 
.940 
.940 

.956 

.717 


• Pounds iier acre: Lime, 670; superphosphate. 600; muriate of fmtash. 100; and nitrate of soda, 100. 


INFLUENCE OF PHOSPHORIC ACID TREATMENT ON THE PHOS- 
PHORUS CONTENT OF POTATOES AND YOUNG RYE 

The soil for the experiment on potatoes and yoxing rye is a Sassafras 
loam of fair quality. It contains 0.11 per cent phosphoric acid. 
The work was started in 1924, and the plots have received annual 
applications of fertilizer made so that the ininimuin application has 
been 1,600 pounds an acre. The minimum application of 16 per cent 
superphosphate has been 400 poimds an acre and the maximum 
L600 pounds. The treatments for the different plots are shown in 
Table 11. 

Table 11. — Treatment of jjIoUs used in potato and rye exjteriments 


Plots 

(number) 

Fertiliser mkturo 

Founds of 
phosphoric 
acid applied 
per acre 

Plots 

(number) 

Fertilizer mixture 

I’nundvS of 
phosphoric 
acid HTiplled 
per a(TC 


PlOi 

KiO 

N 

PaO# 

KiO 

•4 

4 

0 

4 

0 

2 

4 

12 

4 

192 

2 

4 

4 

4 

64 

1 2 

4 

16 

4 

266 

2 

4 

8 

4 

128 

1 

1 






• Checks. 


Samples of potatoes from check plots and from those receiving the 
4 - 16-4 fertilizer were analyzed for phosphoric acid in 1924 and in 
1930 . In 1924 the check plot gave 0.16 per cent phosphoric acid in 
the potatoes and the 4 - 16-4 plot also gave 0.16 per cent. In 1930 the 
check plot gave 0.14 per cent phosphoric add in the potatoes, and the 
4 r - 16-4 plot 0.146 per cent. 

Van Slyke* in his table of analyses of different crops gives 0.15 as 
the average percentage of phosphoric add in potato tubers. 


4 Van Bltkb. L. L. rERTiuzBas and crops; or, tbb scrsNCE and practice op flant-pekdinq; a pres- 
entation OP PACTS, UIVINO PRACnCAI. METRODS fOR USING FERTIUXERB IN CROP OROWTNO, WITH SPECIAL 
EKPHASIS ON THE REASONS UNDERLYING TBBW USE. AND OH THE CONDITIONS OP THEIR GREATEST SPPI- 
(EWT. p, 719. New York. 1912. 
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Not enough work has been done on potatoes from these plots to 
make the work conclusive, but it indicates that on a soil moderately 
supplied with phosphoric acid, applications of superphosphate do not 
materially influence the phosphonc acid content of the potato. 

In the ewly fall of 1930, rye was seeded on the potato plots referred 
to above without any further fertilizer treatment, and on November 1, 
samples of the young rye were collected for phosphoric acid determina- 
tions. The results on the dry material are shown in Table 12. 

Table 12. — Phosphoric acid content {per cent) of young rye plants grown under 
different fertilizer treatments 


Fertilizer mixture 

Phos- 
phoric 
acid in 
young rye 

Fertilizer mixture 

I 

j Phos- 
' phuric 

1 acid in 
young rye 

N 

PaOi 

KaO 

N 

PaOi 

KaO 

4 

0 

4 

i 

1.12 ; 

4 

12 

4 

1.19 

4 

4 

4 

i.a> i 

4 

IG 

4 

1. 3» 

4 

8 

4 

1.12 : 

i 






When the 4-4-4 and 4-8-4 fertilizer mixtures were used for the 
potatoes there was no increase in the percentage of phosphoric acid 
m the rye; when the 4-12-4 fertilizer mixture was used there was a 
small increase; and when the 4-16-4 fertilizer mixture was used there 
was an increase of slightly more than 18 per cent in the phosphoric 
acid content. It would seem reasonable to conclude that heavy 
applications of phosphoric acid would affect pasture grasses in very 
much tJie same way as it affected the young rye, 

SUMMARY 

Tables are given showing the phosphoric acid content of a number 
of crops grown in cylinders and also on field plots where diflerent fer- 
tilizer materials have been used and w'here different amounts of super- 
phosphate have been applied over a period of years — in one case over 
a period of 30 years. 

So far as the work reported is concerned, light applications of super- 
phosphate — 100 to 250 pounds an acre — did not, in most cases, 
materially influence the phosphoric acid content of the crop. With 
heavier applications — 500 to 1,000 pounds an acre — there was usually 
some increase in the phosphoric acid content of the dry matter. In 
some cases the increase was as much as 40 per cent. 

In the case of potatoes, increasing the amount of superphosphate 
applied seemed to have no influence on the phosphoric acid content 
of the crop. 

Phosphoric acid determinations were made on a limited number of 
samples of mixed herbage from plots with and without phosph4.te. 
The results indicate that the phosphate treatment tends to increase 
the percentage of phosphoric acid m the hay. However, attention is 
called to the fact that such increases may be due to changes in the 
type of vegetation which the phosphate treatment causes rather than 
actual increase in a specific plant. 
iie607-«2 — i 
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Undoubtedly there may be conditions in which it would be profit- 
able to apply rather large quantities of superphosphate for the purpose 
of increasmg the phosphoric acid content oi the dry matter. 

The soils used m these experiments varied in phosphoric acid con- 
tent fiom 0.1 to 0.8 per cent, but the phosphoric acid content of the 
soil evidently had little or no influence on the phosphoric acid content 
of the crop, since soybeans grown on Colts Neck loam containing 0.8 
per cent r205 contained no more phosphoric acid than did those 
grown on Sassafras loam with about 0.1 per cent P2O5. 

In comparison with the changes that may be wrought in the nitro- 
gen content of plants by the application of nitrogenous fertilizers, the 
changes in phosphorus content produced by phosphate treatments are 
relatively small. 



VITAMIN A AND PROTEIN CONTENT OF VARIOUS 
FISH MEALS ‘ 


By L. A. Maynard, Professor of Animal Husbandry, R. C. Bender, Analyst, 
and C. M. McCat, Research Assistant Professor of Animal Husbandry, Animal 
Husbandry Department, Cornell University Agricultural Experiment Station 

INTRODUCTION 

Although fish meals are derived from widely different sources of 
natural supply and are subject to very different methods of treatment 
before being placed on the market, they are usually classed by the 
stockman who employs them in animal feeding merely as fish meal. 
On the assumption that these products, differing in origin and in 
method of manufacture, might also differ in nutritive value, an inves- 
tigation was undertaken to ascertain whether there are any important 
nutritive differences among the products which are popularly known 
under the general tenn “fish meal.“ This investigation has been in 
progress for three years, and the results so far obtained are here 
reported. 

DESCRIPTION OF FISH MEALS USED 

During the course of the investigation seven different fish meals 
have been enmloved. For convenience of reference these products 
are listed in Table 1, with certain data as to their sources and the 
methods of their manufacture. White fish meal is made from non- 
oily fish, principally cod and haddock, and consists of the heads, tails, 
fins, backbones, and the flesh remaining from the cutting of the fillets. 
The entrails are removed at sea and thus are not included. The 
material is cooked and then dried. The three products used were all 
vacuum dried at low temperatures, as shown in the table. The men- 
haden is an oily fish, and the meal is the residue after the removal of 
a portion of the oil by pressing and cooking. The dried product still 
contains from 4 to 12 per cent of oil. The higher values arc found in 
meals containing unpressed fish from catches too low in oil to warrant 
pressing. Most of the menhaden meal now on the market is flame 
dried at a high temperature, as were two of the products studied. 
The third product listed was a steam-dried meal produced experi- 
mentally by the Bmeau of Fisheries, as described by Harrison (^).- 

Table 1. — Fish meals used during the investigation 


Meal 

Farts of fish included 

Method of drying 

White, No. 1 

Entim fldh 1am side meat (flllAtii), 1am AntrAils _ . 

Vacuum dried under 105^ F. 

White, No. 2 


Vacuum dried at about 110^ F. 

White, No. 3 

An , . ' 

Vacuum driiKi at about 100* F. 

Menhaden, No. 1... 
Menhaden, No. 2... 
Menhaden, No. 3... 

Entire flsh less a portion of the olL.... 

Flame dried at fi00*>600* F. 


Flame dried at 600*HX»* F. 

do 

Steam dried at 120*>200* F. 

Pilchard... 


ladirect-heat dri^ at 300*- 

. 

, 

400* F. 


^ Received for publioatioii Deo. 4, IQBI; issaed May, 1832. 

* Reforenee Is made by number (italic) to Literature Cited, p. 608. 


^urn^ of Asrioulttiial.ReBeRrob, 
Washing. D. C. 
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Pilchard meal consists of whole sardines from which a portion of 
the oil may have been extracted, and of heads, tails, and entrails 
resulting as a b,y-product from the canning of sardines. In analysis 
the product is similar to menhaden meal. 

The drying temperatures shown in Table 1 are based upon informa- 
tion from the manufacturers. Some of the products were undoubtedly 
subjected to higher initial temperatures than those shown. No in- 
formation is available as to the time factors involved. For a detailed 
discussion of the methods of preparation of various fish meals the 
reader is referred to the reports by Harrison (6) and Fiedler (5), 

PRELIMINARY GROWTH STUDIES 

Two preliminary experiments were carried out in 1928-29, which 
were expected to give general information only, as a basis for planning 
more specific studies. These experiments are reported briefly with 
summarised results. 

First a study was made in which a diet of 92 part/S of yellow corn 
and 8 parts of white meal No. 1 was compared with a combination of 
90 parts of corn and 10 parts of tankage. Both diets contained 
approximately 13.5 per cent of protein. Twelve male rats were placed 
upon each diet shortly after being weaned, and growth records were 
kept for 16 weeks. The data are presented in a condensed form in Table 
2. They indicate that the diet containing fish meal was superior to 
the tankage combination. This result is in accord with the observa- 
tions of other investigators, as recently reviewed by Manning (10), 

Table 2. — Growth of IS male rate on a diet of corn and fish meal as compared with 
growth of IS male rats on a diet of corn and tar^kage 


Piet 

Average 
weight of 
rats at 
start 

Average 
gain in 
weight 
during 

6 weeks 

Average 
gain in 
weight 
during 

16 weeks 

Corn and whito meal No. 2 

Gram 

46 

Grams 

120:1:3 

Gram 

229rt6 

160d=6 

Corn and tsu^age - 

47 



A survey experiment was next carried out in which six different fish 
meals were studied. The essential data are shown in Table 3. In 
the first five diets com and fish meal were combined in the propor- 
tion 90 to 10. In diet No, 6, 89 parts of com to 11 of tankage were 
used. The six diets are similar in protein content, as shown by the 
percentage figures which are based on an analysis of the fish meals 
used and the average figure of 9.3 per cent for com. Diet No. 7 is 
the same com and tankage combination used in diet No. 6 plus 0.5 
of yeast and 3 drops of cod-liver oil daily per rat. These additions 
were made in view of the poorer results obtained with tankage in 
the first experiment to ascertain whether they were due to vitamin 
deficiencies. Diets Nos. 8 and 9 were used to compare the two com- 
binations at a lower protein level. 
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Table 3. — Growth of male and female rate when fed various fish meals, or tankage 
and supplements, combined with corn 


No. 


1 

2 

3 

4 
fi 
6 

7 

8 
9 


Diet 

Animals 

Average weight 
at start 

Average gain in 
10 weeks 

lugredients 

Protein 

content 

Males Ipemalesi 

. 1. . 

Males 

Females 

Males 

Females 

Com and white meal No. i 

Per cent 
14.4 

Number ', Number 
5 ! 5 

Grama 

53 

Grama 

58 

Grama 

215±8 

Grama 

128db4 

147d:3 

135=b5 

141d=6 

Corn and white meal No. 2 

14.8 

5 

5 

58 

56 

237dr9 

Corn and white meal No- h 

14.6 

5 

5 

62 

46 

217±8 

Corn and menhaden meal. . _ 

14.3 

5 

5 

55 

59 

106d:5 

Hnrn and pilehard meal 

14.3 

5 

5 

57 

58 

153:^6 

118db7 

Corn and tankage- 

14.5 

5 

5 

53 

.*16 

177:fc8 

117db4 

(^ora and tankage plus yeast and cod- 
liver oil - 

14.5 

5 

5 

52 

56 

221d=5 

125=b4 

Com and white meal No. 1 

11.5 

5 

5 

56 

49 

153=b0 

119d=6 

( 'orn and tankage - . 

11.5 

5 

5 

52 

55 

102±7 

94d:4 





It is noted in Table 3 that five male and five female rats were used 
with each diet. Because of their different growth rates the data for 
the two sexes are averaged separately. Since the males grew faster, 
their quantitative requirements for the various nutritive factors ex- 
ceed those of females, and thus growth experiments with males con- 
stitute a more rigid test. 

From a study of the data for average gain in 10 weeks on the first 
six diets, it is seen that in general the white meals gave better results 
than the other supplements. Considering odds of 30 : 1 as practical 
certainty, the results with the males show each cod and haddock 
meal si^ificantly superior to tankage. Numerically superior results 
are shown in each comparison for the females also, and in the case 
of white meal No 2 the difference is clearly significant. At the lower 
level of protein intake (diets Nos. 8 and 9) significantly better results 
are shown for white meal No. 1 in the case of both sexes. On the 
basis of the results with males each white meal proved significantly 
superior to pilchard meal. The results with females are numerically 
superior in the case of the white meals. Menhaden is shown to be 
superior to pilchard — numerically for females, significantly for males. 
White meal No. 2 gave simificantly better results than menhaden 
meal in the case of the mates, and numerically so in the comparison 
with females. The results with diets Nos. 6 and 7 show that at 
least one of the limiting factors in the com and tankage diet was its 
vitamin content. 

The results set forth in Table 3 clearly indicated that marked 
nutritive differences exist among certain of the products studied but 
furnished no definite information as to their nature. Therefore, 
more specific studies were undertaken. 

VITAMIN A STUDIES 

It was recognized that differences between oily and nonoily fish and 
differences as regards heat treatment in drying might be expected to 
result in meals varying markedly in vitamin A content. It was 
decided to study this question by a comparison of the vacuum-dried 
white meal with the menhaden meal dried at a much higher temper- 
ature. The analjy^ses of the meals used in these and succeeding 
studies are given m Table 4. 




594 Joumai of Agricvliural Besearch voi. 44 , no. 7 


Tablb 4. — Percentage compoeition of white and menhaden fish meals 


Meal 

Water 

Asli 

Protoin 

Fat 

WhItA, Mn. 1 _ 

9.7 

19.01 

64.06 

2.60 

Mn. 1 . . _ ___ 

5.49 

21.60 

69.66 

7.21 

Menhadw** Nn- 2, . . ^ _ 

5. 19 

21.03 

60.82 

6.14 

Na- 3 ... ___ 

7.00 

16.50 

59.68 

11.83 



In tbe first experiment the white meal and menhaden meals Nos. 1 
and 2 were used. Thev were fed as diets Nos. 10, 11, and 12, shown 
in Table 5. It is noted that the diets were made up in such a way as 
to provide substantially the same percentage of protein and the same 
calorific value in each. Dried yeast was added to provide the vita- 
min B complex. Irradiated ergosterol was fed separately to provide 
vitamin D. 

Table 5. — Composition of diets used in vitamin A experiments 


Ingredients 

Composition of diet No 

10 

11 

12 

White meal Nn. 1 _ 

_ _ parts 

19.0 



riaaI No. 1 - - - - - 


% 


M^abaden meal No. 2, 

do 


20 

MAnh^An meal No. 3 ................. .... 

do 



Lard 

-do.-.-l 

20.5 

% ! 

20 

fliigftr 

do.-.. 

10 

10 ! 

10 

Coibked starch..... - — . 

do.... 

46.5 

45 

45 

Yeast............ ......... 

do.... 

6 

6 1 

5 

ProtBin 

ner ccnt^- 

14.38 

1 

14.51 1 

14.77 



t 

« In addition to the above each rat received 0.001 mg of irradiated ergosterol daily. 


13 


20 

19 

10 

40 

5 

14. 5» 


Ten male rats were placed on each diet shortly after being weaned 
and were fed for a period of eight weeks. The growth data are shown 
in Figure 1, A. The broken curve represents the normal growth of 
the colony. The experimental growth curves are plotted from the 
average weekly weights of the 10 rats. It is noted that the rats on 
the white meal made practically normal growth. No signs of xeroph- 
thalmia developed in the 8-week experimental period. On the other 
hand, tho growth on the other two diets became progressively poorer 
as the experiment continued, and the total growth reached at the 
end of eight weeks was less than half that produced on diet No. 10. 
On diet No. 1 1 the first case of xerophthalmia appeared during the sixth 
week. During the next week the trouble developed in seven other 
rats, and the total cases reached ekht during the last week. None of 
these eight rats made any gain (mring this last week, and some of 
them lost weight. The small increase for the group as shown in 
Figure 1, A, was due entirely to the two rats which thus far showed 
no signs of xerophthalmia. The histoiy of the development of this eye 
trouble was similar with diet No. 12.' At the close of the experiment 
only one rat failed to show symptoms of the disease, and two had 
already died from it. 

Tbp rots were allowed to feed ad libitum, but food-intake records 
w;im during the first two weeks and a^in during the seventh 
weAn Puling the first two weeks all the diets were oonsomed in 
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liberal and in nearly the same quantities, indicating that failure to 
eat was not the primary cause of the poorer growth on diets Nos. 11 
and 12. During the seventh week, despite their very slow growth, 
the rats on diets Nos. 11 and 12 were eating 15 to 25 per cent more 
food per unit of body weight than those on diet No. 10, quantities 
markedly in excess of their maintenance requirements. 

This vitamin A experiment was repeated, the same diets. Nos. 10 
and 12, being used, as shown in Table 5, and also diet. No. 13, con- 
taining the steam-dried menhaden meal. Ten rats were given each 
ration. The growth data are shown in Figure 1, B. Again the rats 
on the white-meal diet grew practically normally during the experi- 
mental period and no xerophthalmia developed, a marked contrast to 
the performance on the menhaden diets. Appai*ently the rats used 
in this second experiment had less reserve vitamin A in their bodies 



at the start, for the xerophthalmia developed earlier on diet 12 than it 
did in the first experiment. At the close of the fifth week all the rats 
on diets Nos. 12 and 13 exhibited the disease, and all except two 
(on diet No. 12) were losing weight. Thus these groups were dis- 
continued at this time. It is seen in the chart that the rats on the 
steam-dried menhaden meal (diet No. 13) grew no better than those 
on the fiame-dried product (diet No. 12). At the close of the five 
weeks all of them contracted xerophthalmia and all were losing weight. 

In order to make certain that failure to consume as much of the 
menhaden meals was not responsible for the poor results with them, 
a further comparison of the wmte meal and the steam-dried menhaden 
was made by the curative method. ^ After the growth of the experi- 
mental animals had ceased upon a vitamin-A-free diet the meals were 
added at the rate of 1 g per rat per day. The results of this test are 
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shown in Figure 2. It is shown that the white fish meal caused a 
resumption of growth nearly com|)arable to that of the butter, while 
the steam-dried menhaden was ineffective, and that the wimals 
continued to lose weight and died as did the controls. With the 
white meal the xerophthalmia was cured, while with the menhaden it 
b^ame progressively worse until death. 

It is clear from these three exijeriments that the^ vacuum-dried 
white meal proved markedly superior to the flame-dried and steam- 
dried menhaden meals in vitamin A content. It was rather sur- 
prising to find the white meal so effective in view of its low oil con- 
tent, and of the further fact that the oil present is presumably a body 
oil. Haddock oil, which probably makes up a considerable pro- 
portion of the oil present, is certainly not rich in vitamin A, according 

/so 

/JSO 

so 

-so 
sso 

sso 

s^o 

soo 

/so 

/so 

so 

•so 

Figure 2.^rowth tt rats when fed butter and fish meals as a souroe of vitamin A: A, Control; 

B, menhaden meal; C, batter; D, white meal. Vertlcid lines indicate points at which sup];de- 
ments were added to the basic ration 

to the work of Kik and McCollum (9), Bohstedt and co workers (S) 
have shown menhaden meal, presumably a flame-dried product, to 
he lacking in vitamin A. Whether the poor results obtained with the 
menhaden products were due to the destructive action of the drying 
process or to a low vitamin A content in the raw material is not brought 
out by these experiments. Earlier experiments by Menard and Mffler 
{11) showed that menhaden oil contains vitamin A in fimited amounts. 

PBOTEIN STUDIES 

A stiidy of the nutritive value of ^e proteins of representative 
was next undertaken. White meal No. 1 and menhaden 
Nps.. 2 and 3 were used. The first experiment consisted of a 
of groups of nine rats each given access at all times to 


5 

$ 


I 
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diets containing these meals. The diets were made up to supply a 
level of 7 per cent of protein calories. These diets are shown in 
Table 6. The experiment lasted nine weeks, and the growth records 
are presented in Figure 3. It is noted in Figure 3 that the best 
growth was made on the wliite meal (diet No. 17) and the poorest on 
the flame-dried menhaden (diet No. 18), the steam-dried product 
(diet No. 19) occupying an intermediate position. 

Tablb 6 . — Composition of diets fed in protein experiment in which the group- 
feeding method was used 


Ingredients 


Composition of diet No.“— 


17 

18 

19 

White meal - 

parts.. 

12.9 



Flame-dried menhaden meal 

.'do 

13.8 


Steam-dried menhaden meal 

..do 


13.5 

Lard-. 

do 

19.7 

19.2 

18. 5 

Sugar 

do 

10.0 

10.0 

i0.0 

Cooked starch 

do 

R5.4 

55. 0 

56.0 

Salt mixture 

do.... 

2.0 

2.0 

2.0 

Protein 


8.3 

8.2 

8.1 

Energy iw gram 

calories.. 

4.74 1 

4.09 

4.74 

Protein calories 

per cent.. 

7.0 1 

6.9 

7.0 


" In addition to the above each rat received 200 mg of yeast and 3 drops of cod-liver oil daily. 

These results were considered as suggestive only, and a second 
experiment was conducted in which individual food records were 
kept. The rations used are shown in Table 7. In this experiment 
a higher protein level was used than in the first experiment; also 
more starch and less lard were included. 


Tablk 7. — Composition of diets fed in protein experiment in which the limited- 
individual feeding method was used 


Ingredients 

( 'oniposition of diet No.« ^ 

20 

21 

23 


14.7 



Flame-dried menhaden meal do 

15.3 


Steam-dried menhaden meal do 


15.6 

14.0 

10.0 
59.4 

1.0 

9.3 

4.45 

8.6 

Lard .do 

15.5 

10.0 

58.8 

1.0 

9.3 

4. 42 
8.6 

14.9 

10.0 

58.8 

1.0 

9.3 

4.41 

8.6 

Cooked starch do — 

Salt mixture do 

Protein per cent.. 

Energy per gram calories.. 

Protein calories per oont. . 


> In addition to the above each rat received 200 mg of yeast and 3 drops of cod-liver oil daily. 


The second experiment was conducted in accordance with a modi- 
fication of the paired-feeding method. The available animals were 
divided into groups of three, the animals comprising a given trio, 
being as nearly anke as possible. Sx groups were selected in this 
way. One animal from each trio was placed on each of the tlrnee 
rations. For a given trio the food intake was governed by the animal 
consuming the least, but as a given animal attained a greater weight 
than the animal relating the food intake of the group, it was jfed 
additional rations to enable it to meet its higher maintenance require- 
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ment. Tliis procedure, which differs from the absolute equalization 
of food used by Mitchell in his paired-feeding experiments, requires 
explanation. 

The argument for the absolute equalization of food in the paired- 
feeding method is that if one is superior to another for growth its 
superiority should be evident at equal levels of food intake. How- 
ever, as the animal on the superior ration increases in weight over 
its mate its maintenance reqmrement becomes greater than that of 
its mate. Under these conditions an equal food intake for both means 
that the larger animal must be using a larger proportion for mainte- 
nance, and lees remains for growth promotion, tinder these condi- 
tions an absolute equality of food intake means that the quantities 
available for the specific function which is being used as the crit.erion 
in comparing the two rations are not equal. The faster-growing 
animal is penalized. It may be accepted that if a given ration con- 
tinues to produce superior growth under these conditions, the con- 
clusion that it is superior 
is made stronger therebv. 
However, the data would 
seem less useful for a quan- 
titative comparison, and an 
opposite result might make 
the interpretation less clear. 
At least, it would seem 
theoreticdly soimd in using 
growth as the measure to 
endeavor to equalize the food 
available for this function. 

In 1 916 Osborne and Men- 
del (15) compared the effi- 
ciency of various proteins in inducing growth, keeping the food intakes 
the same for the different rations. In their discussion they state 

4 ): 

* * * inasmuch as the animals were all receiving the same absolute amounts 
of food on the corresponding day of each period, the rapidly growing animals were 
actually put at a disadvantage in having a smaller allowance of food per unit of 
body weight ♦ ♦ ♦. 

Armsby (f ), in his plan for studies of the growth of calves by means 
of paired^feeding experiments, specified that the ration should be 
adjusted in accordance with the increasing live weight of the animal, 
but that the energy supply of both animds of a pair should be kept 
the same per 1,000 pounds of live weight. In discussing the paired- 
feeding method, Mitchell and Beadles p, 2£7) state: 



Kjovre 8.— Growth of rats when allowed unrestricted access 
to tlsh meals as a source of ijrotein, at a level of 7 pw cent 
of protein calories. See Table 6 for coniiiosition of rations 


If one ration is superior to another in Hie support of an animal function such 
as growth, its superiority should be evident when the intakes of both rations by 
comparable animals is the same, either absolutely or in proportion to some 
determinant of food requirements, such as body weight, or a mathematical func- 
tion of body weight. 

In comparing rations for mfik production it is standard practice 
to provide for the different maintenance requirements of the animals 
first and then to equdize the int^es in terms of the function being 
Otudied. 

In view of these various consid^atlojis it seemed worth while to 
; tiy out a prboedtue which would involve such adjustments for diff^- 
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ences in maintenance requirements as would provide each pair with 
an equal food intake for growth. In order to do this it was obviously 
necessary to have values for the maintenance requirements of rats of 
different weights. The values used by the writers were worked out 
from data by Osborne and Mendel (l/j). These investigators present 
the intakes of a purified diet by rats of different weights receiving 
just enough food to hold them at nearly constant weight for periods 
of three weeks. From their data it was possible to calculate the 
calories required per week per gram of rat for maintenance. On the 
basis of the calonc value of 4.45 (the highest one shown in I'able 7), 
it was calculated that the following quantities of the diets used in 
the experiments here described would be required for maintenance at 
the different weights: 


Weight of 
rHt ill 
grams 

50 - 75 . . 
75 - 100 .. 
100-125 
125-150 
160-176 


drams of diet 
required for main- 
tenauee i)er gram 
of rat jjer week 

.. 0.50 

.46 
.36 
.36 . 
.35 


It is recognized that the calculation of these values involved cer- 
tain assumptions. There is an experiment in progress in this labora- 
tory by McCay and Crowell whicli is furnishing very complete data 
regarding the maintenance requirements of rats. On the basis of 
calculations from the data available to date, namely, for rats of 
various weights up to 100 g, the requirements have been found to 
be approximately 10 to 15 per cent less than those represented by 
the data in the preceding table. The results of this study now in 
progress suggests that the maintenance allowances used in these 
experiments were somewhat too high. The bearing of this upon the 
results of the experimentation will be referred to later. 

During the first two weeks of this experiment each rat of a given 
trio was fed the same quantity of food, governed by the consumption 
of the animal eating the least. At the close of tms period, in each 
trio the rat that was consuming the least weighed markedly less than 
the other two. From tliis time on the two heavier rats of the trio 
were given additional food to provide for their extra maintenance 
needs. For example, rat 19 of trio 1 (Table 8) weighed 64 g at the 
end of the two weeks, while rat 18 weighed 80 g and rat 32 weighed 
86 g. Since rat 18 was 16 g heavier than rat 19, it required 16 X 0.46, 
or 7.4 g additional food a week for maintenance, on the basis of the 
requirement for rats weighing 75-100 g previously listed. Similarly, 
rat 32 required 10.1 s additional. Durmg the following week these 
amounts were allowed the rats in question in addition to the amount 
consumed by rat 19. At the close of the thiid week similar calcu- 
lations were made, and so on for each trio to the close of the 
experiment. 

The food intakes and the gi’owth records are presented in Table 8. 
These records cover an experimental period of nine weeks. In tiio 
6 the rat on the steam-dned menhaden died from an accident dur- 
ing the fourth week, and thus the records are presented for the other 
two only. In comparing the gains made it is seen that in all sp 
comparisons the rat receiving the white meal made a laiger gain 
than its mate on flame«dried menhaden meal. An analysis of these 
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data by Student’s methods shows that the odds favoring the white 
meal are greater than 3,000:1. The white meal is also shown supe- 
rior to the steam-dried menhaden in the five comparisons made. A 
statistical analysis shows that the odds are 356:1 in favor of the 
white meal. 

Table 8. — Growth and food records (grams) of rats during a O^week protein expert* 
ment in which the limitedrindwidual*feeding method was used 


Orowth and food consumption data for rats in— 



Trio 1, rat No.— 

Trio 2, rat No.— 

Trio 3, rat No.— 

Item 

19 on 

18 on 


30 on 

31 on 


276 on 

276 on 



flame- 

steam- 

32 on 

flame- 

steam- 

28 on 

flame- 

steam- 

277 on 


dried 

dried 

white 

dried 

dried 

white 

dried 

dried 

white 


men- 

men- 

fish 

men- 

men- 

fish 

men- 

men- 

flsh 


haden 

badeu 

meal 

haden 

haden 

meal 

haden 

haden 

meal 


meal 

meal 


meal 

meal 


meal 

meal 


Initial weight 

39 

41 

39 

44 

47 

45 

39 

37 

35 

Final weight I 

112 

161 

178 

123 

169 

216 

92 

166 

180 

Gain 

73 

120 

139 

79 

112 

170 

63 

119 

145 

Basal food intake 

414 

417 

413 

477 

477 

480 

380 

382 

384 

Extra food for maintenance... 

0 : 

88 

104 

0 

40 

93 

0 

89 

129 

Total i 

! 414 

606 

617 

477 

517 

673 

380 

471 

513 

Gain per gram of basal food... 

1 .18 

.29 

.34 

.17 

.24 

.35 

.14 

.31 

.38 

Gain per gram of total food... 

1 •“ 

.24 

.27 

.17 

.22 

.30 

1 

.14 

.25 

.28 


Growth and food consumption data for rats in- 



I'r^o 4, rat No.— 

Trio 6, rat No.— 

Trio 6, rat No.— 

Item 

10 on 

16 on 


24 on 

26 on 


112 on 

13 on 



flame- 

steam- 

11 on 

flame- 

steam- 

26 on 

flame* 

steam- 

17 on 


dried 

dried 

white 

dried 

dried 

white 

dried 

dried 

white 


men- 

men- 

flsh 

men- 

men- 

flsh 

men- 

men- 

flsh 


haden 

haden 

meal 

haden 

haden 

meal 

haden 

haden 

nienl 


meal 

meal 


meal 

meal 


meal 

meal 


Initial weight 

36 

40 

41 

34 

32 

34 

35 

(•) 

31 

Final weight 1 

111 

144 

182 

116 

108 

164 

93 

(•) 

166 

Gain 

76 

104 

141 

82 

76 

120 

58 

(•) 

125 

Basal food Intidce 

481 

431 

431 

413 

411 

414 

388 


389 

Extra food for maintenance. . . 

0 

68 

119 1 

38 

0 

96 

0 


81 

Total 

431 

497 

560 

446 

411 

610 

388 


470 

Gain per gram of basal food... 


.24 1 

.88 

.20 

.18 

.29 

.15 


.32 

Gain per gram of total food. .. 

.17 

.21 1 

.26 

.18 

.18 

.24 

.16 


.27 


• Died accidentally. 


A comparison of the data for steamed menhaden with those for 
flame-dried menhaden shows that greater gains were made on the 
formw^itt four of the five comparisons. It is sometimes considered 
that with five pairs the resulte with every pair should favor a given 
ration if they are to be considered rignificant in demonstrating the 
superiority of the ration. However, such^a criterion does not take 
luS advantwe of the data m the presmt'coihparison. In the four 
^airs ih whm the 8team-4ried meid proved superior the differences 
m range fri)m 29 td 66 g, the mean bemg 44 g, while in the one 
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pair giving contrary results the difference in favor of the flame-dried 
product was only 6 g. An analysis of the data for the five pairs bv 
Student’s method reveals odds of 40: 1 favoring the steam-dried meal. 
It seems higlily probable, therefore, that the results demonstrate its 
superiority, despite the erratic results from the comparison in trio 5. 

For each trio the food-intake data are divided into a basal intake, 
which was governed by the amount eaten by the animal consuming 
the least, and an extra allowance for maintenance, which was given 
the faster-growing rats, based on their increased weight as previously 
described. Assuming that the extra allowances for maintenance 
were actually needed for this purpose, the gains per gram of basal 
food could be considered quantitative measures of the relative effici- 
ences of the different meals as sources of protein for growth. How- 
ever, as has been stated, experiments in progress indicate that the 
maintenance allowances were somewhat excessive. This would 
serve to give the faster-growing and thus heavier animals an advan- 
tage as regards food available for growth. Thus the differences in 
protein efficiency can not be considered as large as the differences 
in gain per unit of basal food would suggest. As a further measure, 
the gain per gram of total food is shown. It is noted that without 
exception the white meal proved superior to both the menhaden meals 
in this respect and that the steam-dried menhaden proved superior 
to the flame-dried in four out of five cases and equal in the other. 

The method here used of allomng additional food in ^cordance 
with higher maintenance needs worked out satisfactorily in the 
present instance and is believed to be worthy of further trial. It 
seems theoretically sound, provided the experimenter has data as to 
maintenance requirements applicable to the conditions in his colony. 
Perhaps some of the published data on the basal metabolism of the 
rat could be adapted for the purpose. Whatever data arc used, it 
is evident from the studies of Benedict and MacLeod { 2 ) on the heat 
production of the rat that account must be taken of environmental 
temperature. 

As a result of the trial here reported, certain possible difficulties 
in carrying out the method can be forese4;n. The use of trios instead 
of pairs may present certain difficulties even where the food intakes 
are absolutely equalized, and it is believed that the use of the present 
method should be limited to pairs. Even here one can forseo the 
possibility that the rat consuming the least might be the heavier if 
Its ration was much more efficient but much less palatable. Under 
these conditions, with the basal intake being governed by the heavier 
animal, an additional amount for maintenance figured for the latter 
would of course not be consumed. The only practical way would bo 
to decrease the food given the lighter by the amount in question. 
Again with the usual situation of the lighter rat consuming the 
least, the appetite of its mate might not at all times prove sufficiently 
greater to cause it to consume completely its adffitional allowance 
lor maintenance. Even if either of tnese possibilities happened only 
in an occasional week, it would serve to complicate the working out 
of the method. None of these possible complications were encount- 
ered in the present experiment. Further trials of it are needed to 
show whether they are likely to happen with sufficient frequency to 
make the xhethod impracticable. 
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This second protein experiment checks the first one in showing that 
the protein of the vacuum-dried white fish meal is. superior to that 
of the menhaden meals. It seems probable that the differences in 
heat treatment are primarily responsible for these differences. In 
fact, ^ce the menhaden meal contains the entire fish, including the 
entrails, while the white meal consists of residues from the cutting 
of fillets and does not contain any entrails, one would rather expect 
any difference in the raw material to be in favor of the menhaden. 
On the other hand, Ingvaldsen (7) has shown in his nitrogen-parti- 
tion studies that high temperatures have a detrimental effect upon 
protein quality. This investigator found that temperatures above 
195® C. reduce certain essential amino acids, and he concluded that 
the biological value must be lessened thereby. Morgan {tS) has 
reported that the protein of cereals subjected to dry heat or toasting 
at approximately 200® for 45 minutes is not well utilized for growth. 
The differences m heat treatment shown m Table 1 may be sufficient 
to e^lain the differences in protein efficiency found for the products 
studied in this experiment. Ingvaldsen (5) found that putrefaction 
also had a deleterious influence, a fact which may be a further explan- 
ation of the poorer results obtained with the flame-dried menhaden. 
It is recognized that putrefaction occurs to a certain extent in the 
course of the handling of the material before it is dried, in the case 
of some of the commercial products at least. 

Evidence that the heat treatment is the primary factor concerned 
in the differences in the protein eflTiciency of fish meals is fur- 
nished bv Daniel and McCollum (4). From a comparison of various 
fish meals on the basis of protein content, it is reported that vacuum- 
dried meals are superior to flame-dried meals and that vacuum- 
dried cod and menhaden meals are similar in feeding quality. 
Another finding of the^ investigators, wliich, however, is not m 
agreement with the results here reported, is that a steam-dried 
menhaden meal is equal or superior to a vacuum-dried white fish meal. 
On the basis of the analytical figures given, it is evident that a different 
white meal from the one employed in these experiments was used. 
It is possible that marked differences exist in the vaciium-dried white 
products on the market. From a practical standpoint further care- 
fully controlled comparisons of the various- commercial vacinim-dried 
products are needed, not only to ascertain whether there are marked 
differences among them, but also to ascertain how uniform the 
product of a given manufacturer is. 

A continuation of the^ protein studies in tiiis laboratoiw, by the 
nitro^n-balance method, lias resulted in more specific information, 
which is reported by Schneider (16), 

SUMBIABY 

Seven different fish meals, five of them commercial products sold 
for animal feeding, have been studied in growth comeriments with 
rats. A preliminary experiment revealed marked differences among 
certain of the commercial products when fed as supplementB to corn- 
meal, although all except one gave better resiuts than tanka^. 
Vitanun A experiments showed a vaccum-dried white fish meal to be 
a mod source of this vitamin, iii eontm^ to a steam-dried and to 
m^aden meals which proved to be laekiiig in it. The 
white meal was found to be superior to the steatm^ried 
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menhaden and the latter superior to a dame-dried menhaden as 
regards protein efficiency for growth. The results suggest that 
differences in heat treatment are at least partially responsible for the 
nutritive differences fotmd. 
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COMPARATIVE PATHOLOGICAL HISTOLOGY OF THREE 
BACTERIAL DISEASES OF BEAN ^ 

By W. J. Zaumbyer* 

Associate Pathologist, Division of Horticultural Crops and Diseases, Bureau of 
Plant Industry, United States Departmeni of Agriculture 

INTRODUCTION 

With the description of Baderium flaccumfaciens Hedges (6) * and 
of Bctd. medicaginis var. phctseolicola Burk. (1) in 1926, and Burk- 
holder's comparative study (2) of the bacterial diseases of beans in 
1930, several new bacterial maladies of the bean {PkaseolusvvlgariB L.) 
were differentiated from the complex known as blight and believed 
to be caused by Bad. phaseoli E. F. vSmith alone. Hedges (6) 
presented a study of the cultural characteristics of Bad. flaccum- 
Jaciens as compared with those of Bad. phaseoli, while Burkholder 
differentiated these and other bean organisms on the basis of symp- 
tomatology, host range, and etiology. 

In a previous paper the writer (17) reported investigations of 
bacterial blight of beans caused by Bacterium phaseoli, which dealt 
principally with the relation of the parasite to the host. It is the 
purpose of this paper to review briefly the seedling symptoms pro- 
duced by the tnree blight organisms, and to compare particularly 
their pathological relation to the tissues in the seedling stage. 

SYMPTOMS 

Since the symptoms of the bacterial blights were fully described by 
Burkholder {2), only a brief r5sum5 of those on the seed and the 
seedling will be recorded here. 

The symptoms produced by the three bacterial pathogenes on the 
seed are difficult if not impossible to differentiate. In the case 
of vascular invasion they produce a yellow discoloration on light-seeded 
varieties. Even though Bacterium medicaginis var. phaseolicoln is 
nonchromogenic in culture, Burkholder states that on white seeds the 
affected areas are characterized by a maize-yellow to cream color. 
With severe infection, the three organisms may cause shriveling of the 
seed, particularly if the infection takes place previous to the matunty 
of the seeds. On the other hand, it is more difficult to separate these 
diseases on dark-seeded varieties, especially when the infection is 
mild. Often bacterial exudate may be seen at the hilar region, and 
by examining ♦^'hia it is possible to distinguish Bad.^ phaseoli and Bad. 
flaccumfaciens from Bad. medicaginis var. phaseolicola, but not from 
each otner, since the color of the exudate of tne first two organisms men- 
tioned is yellow while that of the last is a grayish -white to cream color. 
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The symptoms produced on seedlings by Bacterium phaseoli and 
Bad. medimginis var. pkaseolicola are more difficult to differentiate 
than those caused by Bad, flaccumJadenSf and hence they will be 
discussed toother, except in those cases where the symptoms can be 
distinguished from one another. 

When seeds invaded by either Baderium phaseoli or Bad. medi- 
camnis var. phaseolicola are planted^ only those slightly infected 
will germinate, those severely affected disinte^ating in the soil. 
It is often difficult to detect symptoms in seedlings ^wn in the 
greenhouse before the end of about two to three weeks after planting, 
or until they have attained a height of 9 to 12 inches; but occasionally 
small water-soaked spots may be seen on infected cotyledons earlier. 

The first macroscopic symptoms tisually appear as angular, water- 
soaked spots conspicuous on the under sides of the primary leaves. 
These areas usually occupy similar positions on the two leaves, 
indicating that the infection took place while they were still folded 
between the cotyledons. These water-soaked regions can generally 
be distinguished from those produced by stomatal or secondary 
invasion, since the latter begin as small circular spots which upon 
enlargement niay become angular. A yellow discoloration appears 
on the upper side of the leaf directly over the lesions. In this stage 
it is often possible to differentiate the symptoms produced by i?ac- 
terium medicaginis var. phaseolicola and Bad. phaseoli^ for the former 
produces a characteristic halolike zone, water-soaked at the center, 
which may vary from one-half to 1 inch in diameter. Bad. phaseoli 
also produces a small water-soaked spot which is surrounded by a deep- 
yellow border more regular in outline than that produced by Bad. 
medicaginis var. phasemicola. 

Another symptom in the early st^e of growth is characterized by a 
weakness of the pulvimfe of the petiole or leaf , resulting in a drooping 
of the leaf during midday and a return to normal turgidity at night. 
This condition may continue for a few days, after which the invaded 
pulvinus becomes so weakened that permanent wilting takes place, 
subsequently resulting in the death of the affected parts. Only a 
single petiole or leaf may be so affected, the others remaining healthy. 
The invaded pulvinus may take on a reddish coloration, whi^ extends 
along the petiole as a dark water-soaked region, accompanied by a 
longitudin^ crackingof the tissues in which may be foima a bacterial 
slime or exudate. This reddish discoloration in ma^ instances 
follows for a short distance the main veins of the leaf. T^hc bacteria 
invading the xylem vessels of the leaf may break out from these tissues 
at different points, causing the leaf to become somewhat puckered. 

The lesions at the cotyledonary node may not appear for some time, 
but gradually they become dark and take on a water-soaked appear- 
ance. Later they turn a reddish brown, and at about this time the 
stem is so weakened at this point tiiat the plant may break over, 
particularly when conditions of high humidity prevail. Under 
conditions of low humidity the symptom may not appear until about 
the tinie of pod formation, when "^e stem is girdled by the bacteria 
an4 the weight of the top breaks off at the infected node, 
^h^ria; which ^ter the cai^e stomata or break out from invaded 
B, may produce a longitudinal cracking of the stem . which 
> on a bijck-red color. C^n a bacteria! dime may be 
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in the lesion. When infection is vciy severe the plant topples over 
at the invaded region and death results. 

Lesions are frequently found below the ground level. They first 
appear as water-soaked areas, later becoming red in color, and can be 
seen at the point where the young secondary roots eme^e from the 
cortex. The lesion may extend upward, involving a considerable por- 
tion of the lowermost part of the hypocotvl. 

The symptoms produced by Bacterium jlaccumfaciens may be mani- 
fest when the seedlings are very small. According to Hedges (6?, p. 2)^ 
seedlings — 

not more than 2 or 3 inches high may be attacked. The wilting and shrivelling 
of the leaves is sometimes accompanied by a dull green or brownish green dis- 
coloration, and the whole plant may be dead before it has developed more than 
the first pair of leaves. 

In many instances the first symptoms appear on the leaves as water- 
soaked spots which dry out very readily, become papery white in color, 
and are surrounded by a narrow water-soaked margin. The adjacent 
tissues are slightly drawn together because of the lack of development 
of the invaded area. The pulvinus of the leaf and petiole often be- 
comes swollen, and small droplets of bacterial exudate accompanied 
by a cracking of the petiole may bo seen. When the pulvini become 
infected the leaflets may droop. 

MATERIALS AND METHODS 

The plants used in the course of the investigation were grown in 
the greenhouse. Bean seeds of each lot infected with one of the three 
bacterial organisms were planted in sterUe white quartz sand, and the 
pots subirrigated by placing them in a large pan of water. This 
method prevented possible secondary spread of the organisms, which 
might have taken place if the plants had been watered in the usual 
manner. 

When lesions appeared on the seedlings, cultures were made from a 
portion of the plant to determine the specific organism present; the 
remaining portion was fixed in formal acetic alcohol, embedded in 
paraffin, and sectioned. Giemsa stain (with a 2 per cent aqueous 
Licht Grtin or orange G as a C/Ounterstain) was employed for material 
invaded by Bacierium pkaseoli and Bad, medicaginis var. phaseolicola. 
Material invaded by Bact, flaccumfaciens was stained with the Gram 
stain because of its positive reaction to this stain, which differentiated 
the bacteria clearly from the host tissues stained with orange G. 

By the use of these differential stains. Bacterium flaccurnfacuns 
was easily distinguished in the host from the other two organisms. 
Bad. flaccumfadens fdd not stain clearly with the Giemsa stain, but 
stained very well with the Gram stain, whereas Baxt. phxiseoli and 
Bad. medicaginis var. phaseolicola were not clearly defined with the 
latter, but were distinctly stained in the host with the former. It was 
impossible to differentiate the latter two organisms by means of a 
staining reaction. 

In the following discussion the migration of the three parasites — 
Baderium phasemi. Bad. medicaginis var. phaseoUcoh, and Bad. 
flaccumfaciens~wm be traced from their penetration into the seed 
to their passage throughout the tissues of the seedling. Even though 
Bod. plmeoli and Bad. medicaginis var. phaseolicola produce quite 




608 


Journal of AgricuUural Research 


VoL No. 8 


similar effects on the host, each will be treated separately. With 
respect to cell-wall destruction the three organisms win be discussed as 
one, since all appear to cause a similar effect on the cells of the host. 

RELATION OP BACTERIUM PHASEOLI TO THE HOST TISSUES 

INVASION OF THE SEED 

Previous investigations by the writer (16) have shown that Bacte- 
rium phaseoli may enter the seed either through the vascular elements 
by way of the funiculus and raphe or through the micropyle, a natural 
opening in the seed. Entrance through the micropyle is made possi- 
ble by the bacteria breaking out from the invaded funiculus, from the 
vessels of the dorsal suture of the pod, or from the parenchyma tissues 
of the pod where invasion began from stomatal penetration. It was 
also shown that the bacteria do not enter the cotyledonary tissues 
imtil germination, when by the imbibition of water the seed sweUs, 
often resulting in the pulling apart of many of the epidermal cells. 
The bacteria massed on the exterior of the cotyledons at tliis time 
may enter these rifts (fig. 1, A and B), pass into the intercellular 
spaces of the adjacent cdls, and in many cases cause the spaces to 
swell to enormous size with a distortion of the adjacent cells. (Fig. 
1, B.) They may then pass into the vascular elements and from there 
enter the xylem cells of the hypocotyl and epicotyl at the cotyledonary 
node. The organism may also enter the stem through the parenchyma 
tissue which connects the cotyledon with the stem. When slight in- 
fection occurs at the distal portion of the cotyledon, the bacteria may 
not traverse the tissues rapidly enough to enter the stem before the 
formation of the abscission layer. In such instances the young plant 
usually develops without becoming infected. On the other hand, 
cotyledonary invasion *in close proximity to the connecting tissue 
almost always results in the infection of the stem tissues of the seed- 
ling. Microscopic examinations have frequently revealed bacteria at 
this point in numbers large enough to produce disintegration of the 
tissues of the cotyledon and also of the cortex of the stem adjoining 
this structure, with the formation of large bacterial cavities. 

VASCULAR INVASION OF THE STEM 

As stated above, the bacteria may enter the stem from the coty- 
ledon solely by way of the xylem cells. In such instances the initial 
invasion is not generally severe and in the early stages the lesion 
produced at the cotyledonary node is not pronounced, since the 
oiganisms do not remain there in large numbers but migrate into the 
vessels of the hypocotyl and epicot^. The pathogene is less likely 
to migrate downward than upward. Microscopic examinations 
revealed the presence of bacteria in the vessels of tne hypocotyl at a 
distance of 12 to 15 mm. from the cotyledons, but below this point 
they were sparsely observed, and their presence in the xylem vessels 
of the root has not been demonstcated, although occasionally they 
have been found in the parenchyma oeDs. 

If proper conditions of moisture and temperature are afforded for 
rapid multiplication of the organism^ the upward migration may 
unite rapid. If the organism penetrates the stem from both 
wMyhiom, many or all of me iqykaxi group of cells may be invaded. 
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Fiqub* 1. —Invasion of bean ootyJedon by Baderium phawoli: A, Bacteria entering small rifts 
in the ^dermis and mipratinf throughout the tissues by way of the interoellular spaces; B, 
advaneed stage of A» showing luge masses of bacteria causing a decided enlargement of the 
IntereeUalar spaoes with a distortion of the adjaeent oeils. X 880 
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If, on the other hand, only one of the cotyledons is infected, a smaller 
number of xylem cells may be occupied. As the organisms increase 
in laree numbers in the cells, they often break through the cell walls 
into the adjacent parenchyma tissue, or pass from cell to cell by an 
apparent dissolution of the cell wall. 

In tracing the miration up the stem, bacteria have been observed 
to fill comiuetely all of the xylem cells of a vaeculai; bundle to such 
an extent as to give the appearance of a plugging. In the region of 
the first node where the leaf traces or^nate, stamed sections showed 
the xylem vessels to be formii^ a continuous ring, many of which were 
invaded by the bacteria. (Fig. 2, C.) In sections closer to the 
central bud, the xylem vessels were extremely small and were not 
attacked; however, the vessels of the leaf traces were heavily invaded 
by the organism. 

A drooping of one or both of the primary leaves either at the pul- 
vinus of tne petiole or of the leaflet constitutes one of the most striking 
symptoms found in seefilings infected with Bacterium phaseoli. 
Microscopic examination of sectioned material indicates that because 
of the succulent nature of the pulvinus the bacteria appear to be more 
abundant there than in the cells of the stem or petiole. This heavy 
invasion of the pulvinus may rupture the invad^ cells, thus permit- 
ting the bacteria to pass into the adjacent parenchyma, with a 
gradual disintegration of those cells. As a result, the tissues lose 
theb tur^dity, causing the leaflet to droop at this region. In the 
initial stages a drooping of the leaflet takes place during the warmer 
part of the day, its turgidity being regained at night. After the 
mfection becomes severe the leaflet remains permanently wilted. 

Later the bacteria may migrate into the vessels of the petiole. 
There they frequently ruptiu*e the cell walls, pass into the adjacent 
cortical parencnyma tissues, and invade the mtercellular spaces to 
such an extent that they are extruded from the stomata, producing a 
bacterial ooze. This condition commonly occurs in diseased seed- 
lings. The organisms eventually enter the vessels of the main veins 
of the leaf and finally the smaller veins and veinlets. Later they 
may break out from these cells and produce water-soaked regions 
extending along the invaded vascular strands. Reddish discdora- 
tions of the vems and vdnlets are also frequently observed. 

The destruction of the growing tip or buds which arise in the axils 
of the piimaiy leaves is often observed in young infected seedlings. 
In severely infected plants the death of the buds may occur at the 
time the siblings emerge from the soil or after the elongation of the 
epicotyl. When only the central bud is destroyed, the so-called 
l^snake head'^ is produced. In such plants new buds often develop 
in the axils of the cotyledons, imd if conditions are unfavorable for 
the development of the patiu^ene, the plant, although stunted, may 
produce a small number of pods. ^ This conditicm is caused not only 
by Bacterium pl^edi, but, according to Hawley (^^), by the seed-com 
(FAorMa fuscicepe Zett.). / Harter (4) also found that the 
threSuiog operation causra much ol tins trouble. 

As stated previously, the central or axilliijy buds may be killed 
elongation, and in sxudi cases the Infection is usually so severe 
that the dies. Bacteria that invade tbe merist^atic tissues of 
' often invade the of the ^wing buds, causing a dis- 
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INVASION OP THE PARENCHYMA TISSUE 

Penetration of the parenchyma tissue is found in all parts of the 
seedling. Bacterium phaseoli, upon entering the cotyledon after 
germination, may migrate through this structure by way of the inter- 
cellular spaces of the parenchyma cells. The bacteria are first seen 
there in small numbers. Later the mass of bacteria in the intercel- 
lular spaces, together with the slime in which they are embedded, may 
cause the adjacent cells to become greatly distorted. (Fig. 1, B.) 



The actual entrance of the bacteria into the cells has not been clearly 
demonstrated, although intercellular invasion has been observed in 
numerous instances. The organisms may later involve many cells 
and finally cause the disintegration of the cell walls, forming lysigenous 
cavities. 

It has been pointed out that the bacteria found in the parenchyma 
cells of the cotyledon may pass into the tissues of the stem. Here the 
organisms be^n to penetrate the intercellular spaces of the cortical 
cefls (fig. 3, F) in the vicinity of the cotyledonary node. The bac- 
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teria often increase in numbers rapidly, spreading the cells apart and 
later entering them, ultimately resulting in their disintegration and 
the formation of bacterial cavities. 

Bacteria frejjuently break out of severely invaded xylem cells, 
forming bacterial cavities in the vicinity of the vascular bundles, and 
from there spread throughout the adjacent tissues by way of the 
intercellular spaces. In many stained sections bacteria were noted in 

a e numbei's, lining the innermost layer of cells surrounding the 
ow portion of the pith. It seems reasonable to suppose that the 
organism could rapidly pass upward throughout the epicotyl in this 
manner. 

It has boon observed in sections of the epicotyl that the entire 
cortical tissue was invaded (fig. 4), but the xylem cells remained intact. 
In such instances bacteria were often found to pass out of the stem by 
way of the stomata (fig. 5, B) and produce a bacterial ooze on the sur- 
face, which is so often noted on infected plants. Under favorable con- 
ditions, the bacteria may enter other stomata and cause infection at 
other points. 

RELATION OF BACTERIUM MEDICAGINIS VAR. PHASEOLICOLA TO 
THE HOST TISSUES 

Bacterium medicaginis var. phaseolicola, after entering the seed 
by way of either the raphe (fig. (>) or the micropyle (fig. 7), invades 
the cotyledonary cells in much the same manner as Bact. phaseoli. 
No entry into tliis tissue has been found to occur before germination, 
although bacteria may be found in large masses in the seed coat and 
also around and between the cotyledons. 

In slides of stained material, the organisms were found in the xylem 
vessels of the cotyledon (fig. 8 and fig. 9, B) which are distributed 
throughout this structure. In some cases only a few cells of such a 
vascular bundle were occupied, whereas in other instances many of 
the cells were filled with bacteria. When abundant, the organism 
usually caused the disintegration of many of the cells. (Fig. 9, B.) 

The organism likewise invades the intercellular spaces of the coty- 
ledonary cells, apparently dissolving the middle lamellae in much 
the same manner as does Bacterium phaseoli. If the infection is 
severe enough to cause a breakdown of the tissue, large bacterial 
cavities are produced. Intracellular penetration also occurs. 

From the cotyledon the bacteria enter the stem of the young seed- 
ling either by way of the vascular tissue connecting these two struc- 
tures or through the intercellular spaces of the parenchyma cells. 
If the bacteria pass by way of the xylem cells into the epicotyl and 
hypocotyl, they are then carried to the xylem cells of the stem, 
causing, in cases of severe infection, a breakdown of the cells. (Kg. 
9, A.) The organisms do not appear to travel to a great extent in a 
downward direction, since they are seldom observed in the tissu^ of 
the hypocotyl much below the c 4 )tyledonary node. The bacteria in 
the xylem vessels pass upward, increasing in number, and may, if 
the infection is severe, cause the death of the seedling. They often 
fail to cause any exterior symptoms for some little time, but later 
they appear on the young leaf veinlets as water-soaked areas and 
finally as reddish discolorations. Microscopic examination reveals 
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FmuRB 5.--CrosB section of stem showing bacteria extradliig through the stomata, x 770. 
A, BseteHttm medkagiiiif var. p^eoHeofo; B» Bact. phateoH 
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HibinK 6.--Partion o4 l)eai} seed ahowini irMouJar ixiiraaUm by BttOMum m^dkasinit v«r. p^a 0 e* 
oOeokh ^ Tj» ^k-italiwd wmm fw«baot«rto i9 4bi zySom oelli w the raiilie tad Mtaiid tram 
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in such cases bacteria in the vessels as well as in the adjacent paren- 
chyma tissue. 

The vascular tissue of the stems of very young bean plants is not 
well developed. The xylem tissue consists of small bundles sometimes 
wholly of either protoxylem or metaxylem cells, although commonly 



Figure 7.^Bwitriv,m nudkoffinh var. pkaseolkola entering the bean seed coats through the 
mioropyie. The large interoellular spaces of this region afford a means for rapid migration of 
the organism, x 185 

both types are present, the proportions of each varying with the 
rapidity of growth of the region in question. These cells may vary 
from two to eight in a bundle and are distributed in a radial manner 
atound the stem. At this stage no secondary thickening has taken 
place and the cell groups are separated from one another by paren- 
diyma tissue. 
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Stained microscopic sections of the young stem near the region of 
the cotyledonary node show that Bacterium medicaginis var, phaseo- 
licola, which had invaded man;^ of the xylem cells, had broken out 
from them and had formed lysigenous cavities in the region of the 
bundles. (Fig. 9, A.) These cavities were often found around 
the larger bundles, the smaller ones consisting of a few cells free of 
bacterial invasion. It seems reasonable to suppose that if more than 
half of these cells are destrojed, which is often the case, the transpira- 
tion stream of the plant is considerably reduced and death of the 
seedling ma^ result. 

The relation of Bacterium medicaginis var. phaseolicola to the 
parenchyma tissues of the plant is very simila;r to that of Baci, 
phaseoli. The organism is found more frequently in this tissue than 
in the xrlem cells, even though vascular invasion is very common. 
The patho]^ehe invading the parenchyma tissues by way of the sto- 
mata multiplies in the substomatal cavity and then passes throughout 



Fiqurb S.—Vawular invasion of the cotyledon by Bacterium medieoifinis var. phaeeolicola. The 
bacterial invasion took place after germination of the seed, and the organisms are restricted to 
the small xylem odls. X 550 


the intercellular spaces of the adjacent cells. The large mass of 
bacteria, together with the slime in which they are embedded, fre- 
quently causes these spaces to become decidedly enlarged with a 
distortion of the surrounchng cells. (Fig. 10, B, D, E, and F.) 

Intercellular and intracellular penetration is commonly observed in 
the stems of diseased seedlings that are invaded through infected 
cotyledons. (Fig. 10, A.) Later the bacteria may cause a break- 
down of many of the cells, forming bacteriid pockets of various sizes. 
Similar observations have been mme in the cortical region of the stem 
in close proximity to the growing point. In such instances the bac- 
teria may be extruded from the stomata (fig. 5, A) or in case of severe 
infection a rupture of the epidermis may occur, with the production 
of a bacterial exudate on the surface of the stem. 


EELATION OF BAC 



TO THU HOST 


Xifcn phasedi and Bact, medioagmie var, p^eoiieola, 

enters the ovule through rither the raphe or the 
Btusteria entering the vascular connection are carried 
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into the seed coats, where often, because of the large intercellular 
spaces, migration may be rapid. Entrance through the micropyle 
enables the bacteria to traverse the re^on in close proximity to the 
growing tip of the hypocotyl or the epicotyl. Penetration of the 



paibogene into either the hvpocot^li or the epicotyl has never been 
ol^rved, but it is presumed that as growth takes place the bacteria 
may enteir tb^ or affect them through to^dns or etusymes in such a 
.way/ias:td <ause imperfect development or death. It is not uncom^ 
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inon to find the growing tip destroyed in diseased seedlings, and it is 
believed that this is caused by the organism in the early stage of 
seedling development. 

Seeds infected by the passage of Bacterium flaccumfaciens * through 
the raphe seldom produce plants with a diseased epicotyl. The patho- 
gene in such instances enters the seed at the side opposite the embryo 
and seldom traverses the seed coat to the extent of passing into that 
part of the seed in close proximity to the young developing seedling. 
Under conditions of poor germination, where the seed remains in the 
soil for a number of days, this condition may be brought about, but 
with normal germination siich is probably not the case. 

Even though entrance into the embryo has not been observed, 
nuclear changes appear to take place. In numerous sections of dis- 
eased seeds showing the bacteria surrounding the young hypocotyl, 
the cell nuclei appeared to have been absent. On the other hand, 
where no bacteria were observed the nuclei were present and appar- 
ently nonnal. It seems reasonable to suppose that the toxic or 
enzymatic effect of the organism (lan easily bring about a condition 
of disintegration and death of the nuclei. 

Bacterium flaccumfacicriH enters the cotyledon at the time of germi- 
nation in much the same manner as Bact. phaseoli and Bact, medi- 
caginis var. phafieolicola. It then passes throughout the intercellular 
spaces of the cells and in case of severe infection becomes intracellular. 
The organisms may then pass into the stem either through the xylem 
vessels or by way of the parenchyma cells. Severe infection of the 
cotyledon often causes it to shrivel and fall from the stem. In such 
cases the region in close proximity to the cotyledonary node is severely 
invaded by the organisms and under favorable conditions they may 
cause the death of the plant. 

Unlike Bacterium phmeoli and Bact. medicaginis var. phaseolicola, 
Bact. flaccumfaciens does not migrate to any extent in the parenchyma 
tissues but readily becomes a vascular parasite, invading only the 
xylem vessels (fig. 11, A, C), giving rise to the distinctive wilt symp- 
toms characteristic of the disease. The passage of the organism is 
primarily in an upward direction; it seldom goes far below the region 
of entry. The bacteria may not enter all of the xylem bundles of the 
stem, but may be restricted to a few vessels in the group. If the 
bactena multiply rapidly the vessels may become filled and often 
rupture, thus allowing the bacteria to enter the adjacent parenchyma 
cells ; however, the progress of the organism is slow and seldom spreads 
to any extent into these tissues. The pathogene^ if released from the 
yasculai tissues, may form lysigenous cavities in the region of the 
invaded vessels. (Fig. 12.) 

In seedling-infected plants Bacterium flaccumfaciens has never been 
found in the region of the pith and only occasionally in the cortical 
cells. In plants inoculated artificially with a needle the patbogene 
was observed in the intercellular spaces of the pith (fig. 3, A), where 
it developed extremely slowly. The organisms were foimd only in the 
intercellular spaces at the angles of the cells. These intercellular 
spaces were not enlarged, nor was the middle lamella dissolved, as 
was frequently the case in plants attacked by Bact, phaseoli and Boat, 
medicaginis var. phaceolicola. In the parenchyma the organism is 

i Thetjulture of BadeHuin uned ln thaw investigations was furnished by Florence Hedges. 

118m~82 2 



11.— Vascular invasion of bean tissues by Bacterium j/laceuntfaeiene. X 68S. A and C, 
Cross eeotioQ of a stem showing bacteria in both primary and secondary xylem vessels. In C the 
orosg"Wii^ have been disintegrated tbroiigh baoterim action. B, Cross section of pidvinus of 
petic^ showing disintegration of the cross wails separating two Invaded cells 
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ordinarily found in the vicinity of invaded xylem cells, where it has 
either dissolved or broken the cell wall. (Fig, 12.) In its upward 
migration Bact. flaccumfaciens may invade the young growing bud 
and cause its death. It may likewise enter one or both of the petioles 
through the leaf pulvinus, filling the xylem cells (fig. 13), and in case 



Fiut'RK 12.— Cross section of stem stiowing Baderium flaecurnfadenn In the xylem vessels. As a 
result of oell-wall dissolution, the biictorin in the lowermost cell have been released, producing n 
lysigenous cavity. The adjoining ceil above has become separated from the other vascular cells 
by a dissolution of the middle lamella. Betouched photomicrograph . X 800 

of severe infection, cause a drooping of the leaf. This condition may 
continue for a number of days, after which the leaflet remains flaccid 
and finally dies. Many stained sections have shown severe invasion 
of the pulvinus, and in numerous instances bacteria have caused a 
breakdown of tne xylem cells. Bacterial migration then progresses 
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into the xylem cells of either one or both petioles, thence into the 
leaf veins and veinlots. 

Bacterium ftaccumfadens may cause small water-soaked spots on 
the young pnmary leaves, but these lesions are not producedf by the 
entry of the organism into the stomata but by being exuded from 
them. One important difference between Bad. jlaccumfaciens on the 
one hand and Bad. phaseoli and Bad. imdica^nis var. phaseolicola 
on the other is that tile former does not invade the stomata, whereas 



Fmvue 19.-^Bacterinm ftaeeumfadeM invndlng the cells of the pulvinus of the ttean petiole. 
The dark-stained masses of bacteria are seen in a number of the xylem cells. Most of the 
invasion in this region is vasoubir. X 168 


the latter two do and pass rapidly through the intercellular spaces of 
the cells surrounding the substomatal cavities. Bad. Jlaccumfaciens 
when sprayed on plants and placed in a moist chamber of saturated 
himidity for 24 hours did not enfier the stomata of the inoculated 
leases or stems (fig, 14), while Bad. phaseoli and Bad. medieaginis 
var. ^^hOseoUeola entered these oj^emn^ imder similar conditions. His- 
, tolo^dj^ sections ^ of material inociilated with Bad. ftaccumfoidens 
the bacteria massed ov^ the stomata, but l^ey never entered 
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them even though they were open. Entry was gained only through an 
injury to the stem or leaf. If the inoculating needle only penetrated 
the cells of the cortex, the bacteria would make little progress and 
generally the plant would outgrow this infection if proper conditions 
were afforded for good growth. If, on the other hand, the organism 
was injected into the vessels of the young stem, the bacteria would 
multiply rapidly and under proper conditions would cause a wilting 
of the young plant. 

Most rapid progress of the organism was made when young pods 
were inoculated along the dorsal suture. Seldom would the organism 
produce any decided external symptom, but on opening the pod it 
would be found that most of the seeds were severely invaded by the 
organism, in some cases to such an extent that they failed to mature. 



F'lfiURE J4.— C.’ross section of a stem showing Bacterivm flaccumfacienn massed on the exterior over an 
open stomata. i*enetration through the stomata by this organism has never l>een observed. X 800 

CELL-WALL DISINTEGRATION THROUGH BACTERIAL ACTION 


Cell-wall disintegration by phytopathogenic bacteria has been given 
little investigation in the past, although considerable evidence has 
been published on the dissolution of the middle lamella. As early as 
1879 Van Tieghem {I 4 ) studied the decomposition of various vege- 
table tissues, considering tliis action as due to a species of Bacillus to 
which he gave the name Bacillus amylohacier. He found that only 
the ;^oung tissues were decomposed, while the older ones, which were 
ligmfied, cuticularized, or suberized, were resistant to the action. 

Kramer {p) isolated from decaying potatoes an aerobic sporiferous 
bacillus which was capable of dissolving the intercellular substances 
and attacking the cellulose membrane. 

Bacteria ofa saprophytic nature associated with the rotting of pota- 
toes were studied by Wehmer (iJ), who found two types of decompo- 
sition, one in which tlie middle lamella only was dissolved and the 
Other in which there was an ultimate dissolution of the entire wall. 
He presumes that an acid rather than an enzyme produced by the 
bacteria may be the agent in the solution of pectic compounds. 
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Jones {8), working with Bacillus carotovorusj the cause of the slimy 
soft rot of vegetables, showed that the organism produces an enzyme, 
pectinase, which causes the dissolution of the middle lamella of the 
parenchyma cells, but in no case did he find evidence of such action 
upon limified or cuticularized walls. 

Smith {13) states, regarding Pseudomonas campestris E. F. Smith, 
that the cell walls or invaded cells become vague in outline and 
finally disappear. Drechsler {S), working with the same organism, 
observed the formation of bacterial cavities, and illustrates the appar- 
ent disintegration of cell walls of both parenchyma and xylem cells. 
Skoric {12)y working with Bacterium jmi Sack., likewise found evi- 
dences of wall disintegration and possible dissolution. He suggests 
that the bacteria, together with the slime in wliicli they are emb^ded, 
rupture many of the invaded cells, although some of the large 
cavities founa in the parenchyma of the cortex and pith can not be 
entirely explained by rupturing and crushing of the tissue. He be- 
lieves that parts of the cavity at least appear to result from solvent 
action of the orgamsm. 

Nixon (11) in his studies on the migration of Bacillus amylox^orus 
Burr, remarks that the organism has the power to dissolve the cell 
wall. His evidence with stained microscopic preparations proved that 
openings in the cell wall were formed by a dissolution of the wall by 
the organism. 

In histological studies of fire blight of apple, Miller {10) observed 
Bacillus amylovorus migrating from one cell to another through open- 
ings which appear to have been formed by a dissolution of the wall 
substances. He ascribes this phenomenon in some cases to an inter- 
nal pressure due to mass action and in others to a dissolving action 
on the cell walls. He suggests the possibility of an enzyme of the 
nature of cellulase being secreted in small amounts. 

In a previous paper {17) the writer reported the disappearance of 
all or a part of the cell wall when invaded by Bacterium phaseoli. It 
was believed that the cellulose walla disappear, leaving only the ligni- 
fied stmetures. Since then these studies have been continued not 
only with Bact. phaseoli^ but also with Bad. medicaginis var. phaseoli- 
cola and Bad. jlaccumfaciens. Throughout the course of the study 
more instances of the disappearance of cell-wall material have been 
noted with Bad. phaseoli and Bact. medicaginis var. phaseolicola than 
with Bad. jlaccumfaciens. Particularly is this true in the case of the 
parenchyma tissues, where Bad. ^accumfaciens was found only in 
close proximity to broken invaded xylem vessels. In the following 
discussion the organisms will not be considered separately, since disso- 
lution was noted with all three parasites. 

Many different stages of cell-wall disintegration were observed 
throughout the study. The fact that only bean seedlings were used 
in the investigation may acooimt for the observance of much of this 
wall disappearance, since little secondary wall formation was in evi- 
dence at the time the preparations were made. In this condition the 
cells con^t mostlv of celluloses and'hemicelluloses, which are more 
readily dissolved through chemical action than is lignin, which makes 
up inueh of the secondary waU structure. The disappearance of the 
walls was noted not alone in parenchyma tissues of the pith and 
imt also in the xylem vess^, where infection was severe. 
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When the organisms are found in large numbers invading any par- 
ticular tissue, they are always embedded in a slimy inatrix with high 
absorptive qualities. With the absorption of liquids from the sur- 
rounding cells, a pressure may be produced sufficient to cause the cells 
to become obviously ruptured. Destruction of wall material by this 
means often occurs, but it does not appear to lie the only explanation, 
since many sections of stained material have shown a partial to an 
almost complete dissolution of the walls, accompanied by only a 
moderate number of bacteria. Most likely a combination of both of 
these factors often occurs. 

WALL DISINTEGRATION IN PARENCHYMATOUS TISSUE 

The dissolution or disappearance of wall material in cells of the 
parenchyma, either of the pith or of the cortex, was noted with all three 
organisms, but more particularly with Bacterium phaseoli and Bad. 
medicaginis var. pJiaseolicola than with Bad. flaceumfaciens. Large 
lysigenous cavities were often seen in the region of tlie cotyledonary 
node (fig. 9, A), where the bacteria invaded the stem from the cotyhv 
dons, and also in the epicotyl (fig. 4) in the region of the growing tip. 
Here large bacterial (*avities were observed with tlie cell walls com- 
pletely broken down. The disappearance of the walls could not be 
entirely accounted for hy a crushing of the cells by mass action of the 
bacteria embedded in a slime, since, if this were (he only cause, the 
remnants of the broken cell walls could have been seen throughout the 
bacterial cavity. A solvent action by a substance produced by the 
bacteria w^as profiably more responsible for (he formation of these 
cavities. Only occasionally could cell-wall fragmenls be found. 
Often, if the invasion was in the cortical tissues, the bacteria would 
break out from the epidermis (fig. 4), forming a bacterial ooze. It is 
believed, however, that this exudation was due to internal pressure 
rather than to dissolution, since (he outer walls of the e])idcrinis are 
composed of suberin and cutin, substances that arc possil)ly resistant 
to bacterial action. 

The parenchyma which surrounds invaded xylem cells likewise dis- 
appears if the bacteria in tJie xylem are released. (Fig. 12.) Innu- 
merable instances of this have been observed with the three organisms. 
Baderium flMcumfaciens seems to produce a smaller Ijactc^rial cavity 
than the other two and is limited to the region surrounding the invaded 
xylem. (Fig. 12.) 

As previously reported (17), Bacterium phaseoli when in the paren- 
chyma tissues first invades the intercellular spaces and, with the pos- 
sible production of a pectin-dissolving enzyme, attacks the pectic 
compounds that cement the cells together. With the increase in the 
number of bacteria the intercellular spaces are greatly enlarged, often 
causing a distortion of the adjacent cells. (Fig. 1.) It is supposed 
that the hemicelluloses that make up the layer of the cell wall adjacent 
to the pectin materials may later be dissolved through enzymatic 
activity, after which the cellulose is finally attacked. It appears that 
after the organism penetrates the cell wall, dissolution of its component 
materials goes on at a more rapid rate. 

WALL DISINTEGRATION IN VASCULAR TISSUE 

A more detailed study of cell-wall destruction was made on xylem 
tissue because various gradations from a partial (fig. 2, A, B) to an 
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almost complete disappearance of the cell wall was noted. (Fig. 11, 
B, C; fig. 15.) Jones (7) found in working with Aplambacter insidi- 
osum McC. that there exists an open communication between vessels 
in the alfalfa root through which bacteria may pass without actually 



Figure 15 .-~Va 80 o]ar lavaisloa by Maeterium flaeeumfadent. The bnoteria are seen in most of the 
xyltm eells of the vascular bundle end in two Instances are passing from cell to cell through broken 
cell walls. Retouched photomierograph. x 990 


penetrating cell walls. He states that the bacteria are distributed 
around the circun^erence of the roots to some degree if not entirely 
tfaou^ these open vascular connections. 

openings have been seen in etidnied sections of the bean stem, 
, a]^(^h- Jtoy were not commonly found. While some bacterid 

'■ ■ . ' ' "■ ■ ■■ ■' 
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migration might be attributed to this, it is believed that disappearance 
of the cell wall resulted either through physical mass action of the bacte- 
ria or by a dissolution of the walls. If only advanced stages in the dis- 
appearance of the walls were noted (fig. 11, B, C ; fig. 15) in which only 
the ^'peglike^* edges of the walls of the invaded cells remained, the sup- 
position of natural passage of the organism from cell to cell through 
normally broken connecting walls might have explained all bacterial 
migration. Since, however, various stages in the disappearance of the 
wall were seen (fig. 2, A, B; fig. 16), it must be assumed that more 
than one explanation is necessary to account for the passage of the 
organism from one cell to another (fig. 15) within the vascular bundle 
or into the surrounding parenchyma tissue. (Fig. 12.) 

That wall dissolution by bacteria proceeds at different rates in 
different invaded cells is evident from the fat^t that where two con- 
tiguous cells are affected the rate of action on one dividing wall may 
be faster than that on the other. (Fig. 2, B.) Stained sections of 
material infected Avith Bacterium pluiseoliy in which two adjacent cells 
were equally invaded, have shown this to be the case in both initial 
and advanced stages of wall destruction. In an early stage a slight 
corrosion of one of the dividing walls was seen, while the opposite wall 
appeared to be less dissolved. Similarly, in a more advanced stage 
one wall appeared to be almost entirely dissolved while that of the 
adjacent cell remained intact. (Fig. 2, A.) 

Microscopic evidence indicates that dissolution begins on the inner 
dividing walls of invaded xylom cells and rarely if ever on the outer 
walls. (Fig. 16.) The lamellae of the outer cell walls, as well as 
the walls themselves, even though the cells are invaded by bacteria, 
stain deeply; whereas the dividing walls of these cells stain weakly 
and the middle lamellae are barely visible. The materials composing 
the cell walls may be altered by the bacteria in such a way as to 
change their staining reaction. Weakly stained walls appear to indi- 
cate the beginning of dissolution, while those deeply stained furnish 
evidence of no apparent action. 

Later the walls separating the two cells are reduced in thickness, 
especially at the center, while at the outer corners they appear 
normal. Veiy early stages of such a condition have been observed 
where the only noticeable evidence was a slight dissolution of the 
wall. (Fig. 2, B.) Finally the organism or the dissolving principle 
may produce a small opening in either or both of the walls that 
divide the invaded cells, (Fig. 16.) The organism may then dis- 
solve the pectic materials composing the middle lamella. Lamella- 
tion of these walls occurs next, giving them the appearance of being 
shredded. (Fig. 16.) With the passage of the organism from cell to 
cell and further dissolution, the ends of the disintegrated wall become 
rounded (fig. 11, B, C; fig. 15), which suggests that the process is 
one of dissmution and not a cell rupture due to an internal pressure 
set up by the bacteria and the slime in which they are emoedded. 
If the latter were solely the cause, the ends of the wall would be 
ragged and not smooth as they usually are. 

In instances of severe invasion of most or all of the cells of a vas- 
cular bundle the walls of entire cells appeared to have been dissolved. 
(Fig. 9, A, BO Many similar observations were made in micro- 
scopic sections of the epicotyl. Apparently not all of this dissolu- 
tion b^an from the ininde of the cells; but after the organism had 
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been liberated from the invaded cells, either by dissolution or by a 
rupture of the walls, a lysigenous cavity was produced around the 
vascular bundles, resulting in a breakdown of the surrounding 
parenchyma tissue. (Fig, 12.) 



Fiourk 16.>-DisintegrRtion of the bean cell wall by action of BtttAerium flaceumfaeient. The 
^tfgaaism is noted passing from cell to oell, the croCtt^Blls of wfiloh appear to have been attacked 
by it. X 1,500 

The protoxjrlem cells, which apparently are composed of more 
Sjotuble. matenal than the cells of the meta or secondary xylem, 
to show the greatest amount of dissolution. (Fig. 11, Bj C; 
Their w;a}ls are often almost indistinguishabie, in some 
;iipe^/anil^y so. ' 
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The bacteria that collect in large masses around xyleni cells may, 
by a dissolution of the middle lamellae, cause these cells to become 
separated fi*om one another. Such a case is shown in Figure 12. 
Here the bacteria have entirely dissolved the walls of the lowest 
cell of the vascular bundle, resulting in the formation of a cavity of 
considerable size in the parenchyma tissue. As a result of the 
dissolution of the middle lamella the next cell above finally became 
separated from its adjacent cell. Many cases have been noted where 
cells were unattached in lysigenous cavities. The walls of such 
cells usually stain weakly in comparison with those that are normal 
or onlv slightly invaded. Usually they are tliinner, which suggests 
that they are partially dissolved. 

SUMMARY 

From the standpoint of symptomatology it appears possible to 
differentiate the three diseases caused by Bacterium phaseolij Bad. 
medicaginis var. phaseolieola y and Bad. jiaccumfaciems. Histologi- 
cally, the fii’st two diseases can be readily distinguished from Bad. 
flmevmfacienSy but since Bad. phaesoli attacks the host tissues in a 
similar manner to Bad. medicaginis vai*. pJiaseolicolay it is often diffi- 
cult to detemiine the exact orpanism except through cultural methods. 

Because of the fact that it is Gram-positive, Bacterium flaccnm- 
faciem can readily be differentiated in the host tissues from Bad. 
pltaseoli and Bad. medicagiim var. phaseolicokiy both of which are 
Gram-negative. Furthermoi*e, Bact. flaccumfaeiens is primarilv a 
vascular parasite invading only the xylem vessels, whereas 6ad. 
phiseoli and Bad. medicaginis var. phaseolicolay even though they 
are found in the xylem cells very frequently, appear to show a prefer- 
ence for the parenchyma tissues. Migration of Bad. flaccumfaeiens 
into the intercellular spaces of the parenchyma is veiy slow. It is 
usually limited to those cells in close proximity to invaded xylem 
colls that may have been ruptured by an internal bactenal pressure 
or by cell-wail dissolution. 

Another important difference between Bacterium flaccumfaeiens 
and the other two parasites is that the former does not invade the 
stomata (fig. 14), whereas the latter do, and pass rapidly thinugh 
the interceUiilar spaces of the cells surrounding the substomatal 
cavities. Bact. flaccumfackns makes the most rapid progress when 
the pods are inoculated along the dorsal suture. 

The migration of Bacterium phaseoli and Bact. medicagmis var. 
phaseolicola in the plant tissues is veiy similar. Both organisms 
penetrate the seed and enter the stem in the same manner. They 
attack the parenchyma and vascular tissues similarly, possibly having 
a slight preference for the parenchyma cells. They migrate through 
the intercellular spaces of the parenchyma, dissolving the middle 
lamella slightly in advance, with a subsequent collapse of the invaded 
cells. The xylem cells are attacked by both organisms, but the 
bacteria are not restricted to them. These organisms when in large 
numbers may rupture or dissolve the cell wmls and pass into the 
adjacent parenchyma tissues of the pith or cortex, where they multi- 
ply rapidly when conditions are suitable for their development. 
Both, oi^anisms may pass throughout the cortical tissues of the 
stem, emerge from the stomata, and enter other stomata when 
conditions are suitable for their dissemination. 
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The three organisms show very little variation in their ability to 
dissolve the cell walls. When in mass they are embedded in a slimy 
matrix which has a high absorptive power that enables it to rupture 
the cell walls mechamcally. The ability to cause disappearance of 
the cell wall, presumably through dissolution by some enzyme, is 
common to the three species. 


LITERATURE CITED 

(1) Bubkholder, W. H. 

1926. A NEW BACTERIAL DISEASE OF THE BEAN. Phytopathology 

^ 2 ) 16: 916-927, illus. ^ 

1930. THE BACTERIAL DISEASES OF THE BEAN; A COMPARATIVE STUDY. 

N. Y. Cornell Agr. Expt. Sta. Mem. 127, 88 p., illus. 

(3) Drechsler, C. 

1919. COTYLEDON INFECTION OF CABBAGE SEEDLINGS BY PSEUDOMONAS 
CAMPESTRis. Phytopathology 9: [275]- 282, illus. 

(4) Harter, L. L. 

1930. thresher injury a cause of baldhead in beans. Jour. Agr. 
Research 40: 371-384, illus. 

(6) Hawley, I. M. 

1919. SOME notes on PHORBTS FUSCICEPS AS A BEAN PEST. Jour. ECOU. 
Ent. 12 : 203^ 206, illus. 

(6) Hedges, F. 

1926. BACTERIAL WILT OF BEANS (BACTERIUM FLACCUMFACIBNS HEDGES) 
INCLUDING COMPARISON WITH BACTERIUM PHA8EOLI. Phyto- 
pathology 16: 1-21, illus. 

(7) Jones, F. R. 

1928. DEVELOPMENT OF THE BACTERIA CAUSING WILT IN THE ALFALFA 


. PLANT AS INFLUENCED BY GROWTH AND WINTER INJURY. Jour. 

Agr. Research 37: 645-669, illus. 

(8) Jones, L. R. 

1909. BACTERIAL SOFT ROT OF CERTAIN VEGETABLES. II. PBCTINASK, 
THE CYTOLYTIC ENZYM PRODUCED BY BACILLUS CAROTOVORUS 
AND CERTAIN, OTHER SOFT-ROT ORGANISMS. N. Y. State AgP. 

Fxpt. Sta. Tech. Bui. 11: 291-366, illus. 

(9) Kramer, £. 

1891. BAKTERTOLOGISCHE UNTERSUCHUNQEN OBER DIE NASSFAULE DER 
KABTOFFELKNOLLEN OESTEKREICH. I^andw. Ceiltbl. 1: 11. 

(10) Miller, P. W. 

1929. STUDIES OF FIRE BLIGHT OF APPLE IN WISCONSIN. Jour. .\gr. 
Research 39: 679-621, illus. 

(11) Nixon, E. L. 

1927. THE migration of bacillus AMYLOVORUS in apple TISSUE AND 
ITS EFFECTS ON THE HOST CELLS. PeUD. AgT. Expt. Sta. Bill. 
212, 16 p., illus. 

(12) Skobic, V. 

1927. bacterial blight of pea: overwintering, dissemination, and 
PATHOLOGICAL HISTOLOGY. Phytopathology 17: 611-627, illus. 

(13) Smith, E. F. 

1903. THE EFFECT OP BLACK ROT ON TURNIPS: A SERIES OF PHOTOMI- 
CROGRAPHS ACCOMPANIED BY AN EXPLANATORY TEXT. U. S. 

Dept. Agr., Bur. Plant Indus. Bui. 29, 20 p., illus. 

(14) Van Tieghem, P. L, 

1879. suR LA FERMENTATION DE LA CELLULOSE. Compt. Rend. Acad. 
. _ Sci. [Paris] 88: 206-210. 

(16) Wehmer, C. 

1898. UNTERSUCHUNGEN OBER KARTOFFELKRANKHEITEN. III. DIE BAK- 


terienfXulb deb knollen (nassfXule). Centbl. Bakt. 
[etc.] (11) 4 : 640-546, 670-677, 627-636, 694-700, 734-739, 
764-770, 795-801, iUuB. 

(16) Zaumeyer, W. J. 

. , 1929. SEED iNFBOTioif BY BACTERIUM PHASBOLi. (Abstract) Phyto- 
pathology 19: 98. 

' V toSO. THE BACTERIAL BLIGRT OF SEANR CAUSED BY BACTERIUM raASBOLl, 

*'4^ Eol. 188, 86 p., illus. 



A STUDY OF SAMPLING TECHNIC WITH SUGAR BEETS' 


By F. R. Immbr * 

Awociate Geneticist^ Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

In plot experiments with sugar beets (Beta wlgaris L.) it is cus- 
tomary to weigh all the beets from the plot in order to determine 
the yield. Sometimes the border row^s are removed to eliminate 
border effect; in other instances border effect is ignored. Except in 
very small plots, it is not practical to analyze all the beets in order 
to aetermine the percentage of sugar. It is imperative, therefore, 
to resort to sampling methods in selecting the beets for sugar determi- 
nations. The percentage of sugar obtained from the sample is 
considered an estimate of the average sugar percentage of all the 
beets in the plot. 

Johnson ® studied the variation in sugar percentage from samples 
of beets taken from different plots. He concluded that 10 beets do not 
give a valid estimate of the actual sugar percentage in a plot and 
that a sample of 50 beets would not be too large. 

Pack * studied the correlation of weight with sugar percentage of 
individual sugar beets and found the correlation to be negative. He 
also reviewed other work on this subject and noted that negative 
correlations were found in the majority of cases. 

Clapham ® and Wishart and Clapham,® using the '^analysis of 
variance^’ method in studying sampling technic with small grains and 
potatoes, respectively, concluded that this method could be used 
satisfactorily on the larger plots if the samples were taken in such a 
manner that the data would lend themselves to adequate statistical 
analysis. 

The writer has applied the analysis of variance method to studies 
of sampling technic in relation to the estimation of sugar percentage 
in sugar beets, and the results are presented herein. 

MATERIALS AND METHODS 

A small field of sugar beets of the Pioneer variety at the southeast 
experiment station, Waseca, Minn., was chosen for the experiment. 
The field had been cropped in a uniform manner in previous yeai’s, 

1 Received for publication Nov. f>. 1931; iwued May, 1932. Contributinn from the National Research 
Council and from the U. S. Department of Agriculture in cooperation with the Minnesota Agricultural 
Experiment Station. 
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and cultural conditions during the growing season were similar 
throughout the field. The beets were grown in rows 22 inches apart 
and spaced 12 inches apart within the row. The study, therefore, 
is based on a uniformity trial. 

At harvest time the field was divided into plots 33 feet long, and 
alleyways 2 feet wide were cut at right angles to the rows in order 
to separate the plots and to prevent heets from one plot from being 
mixed with those from neighboring plots. All beets adjacent to 
noticeable skips were removed before harvest, leaving only those 

P lants to be harvested that had nonnal competition on each side. 

'en such rows were chosen for sampling, each 10 plots in length (33 
feet), separated from one another by 3 intervening rows. The 
area might therefore be considered a 10-by-l 0-plot field, each plot 
consisting of 4 rows, only 1 of which was sampled. Ten beets were 
selected from each plot in such a way that the entire length of the 
row was sampled uniformly. The beets from each plot were lifted 
W hand, numbered, and put into a properly labeled waterpmof bag. 
Tne bags were taken to the laboratory and the beets scnibbed clean 
of dirt. Each beet was then weighed and the percentage of sugar 
obtained. In analyzing for sugar each beet was bored at an angle 
through the center. The sugar percentage in the pulp was detennined 
by the cold-water digestion method. The harvesting period was 
completed in two days and the sugar analyses in three. 

The statistical technic employed in this study is known as the 
analysis of variance. This method was devised by Fisher and first 
published in complete form in 1923.^ It has been applied to numer- 
ous statistical problems and has proved to be the most flexible and 
efficient method yet devised for agronomic problems that are to be 
subjected to statistical inquiry. The method will be explained in 
some detail in connectibn with the analysis of results given herein. 

The principle of the analysis of variance method is that the total 
variation between the individual results in a set of data can be sepa- 
rated into a number of parts. If the variation is measured in terms 
of sums of squares of the deviations of observed values from their 
mean, it is possible to apportion fractions of the total sum of squares 
to various known causes, leaving a residual fraction attributaole to 
uncontrolled factors. The mean value of the sum of squares ascribed 
to any factor (the variance, or standard deviation squared) is 
obtained by dividing the sum of squares by the appropriate number 
of degrees of freedom, where the tern “degrees of freedom ” is used in 
the sense of “independent comparisons.” Thus, with n' quantities, 

, whose mean is fixed, there will be in general w' — 1, or n, degrees of 
freedom. 

Since tests of significance used in the analysis of variance are made 
on the variance (standard deviation squared) or on the standard error 
(standard deviation) ^ the standard error instead of the probable 
error will be used in interpreting the results. The standard error is 
tile common measure of variation used by European statisticians, and 
with the increased use of the analysis of variance it will probably 
hjfl^nie more commm 

? IfXqbxB* R. A., uttd MACKlENZn, w. A. if1?BlX84HCRQPVABt«T!OM. 11 . tHX MABimiAX. MOrONSlfl 
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EXPERIMENTAL RESULTS 

REGRESSION OP SUGAR PERCENTAGE ON WEIGHT 

It is of interest (1) to investigate the regression of sugar percentage 
on weight; (2) to find whether or not this regression is linear; and (3) 
if it is not linear, to detennine the exact relationship. This may be 
done from an analysis of variance of sugar percentage and of weight 
and an analysis of covariance of weight and sugar percentage. Table 
1 gives the analysis of variance of sugar percentage. 


Table 1. — Analysis of variance of sugar percentage 


Variation 

j 1 )eKrees of | 

SuTIl of 

Moan 

St.aiulard 


; freedom j 

squares 

square “ 

deviation 


Between iilots 

... .1 sa i 

3H4. 3077 

.3.8828 

1. 070r> 

} 0.2085 

Within plots 

.... 1 eoo j 

1, 023. noi^o 

2. 1374 

I.4fi20 

Total.... 

j 99l> ! 

2,m(K»()7 1 

2.3104 

1 . r> 2 oo 



,, . ^ Sum of squares 

. Mean s.,uare or variance (S. U 

2 = ouo-lialf the rJitToreiice between the natural loKarithnis of the two varin rices, or Iho difference hcl ween 
(he natural loKarithiiis of the slandurd errors (standard deviations). 


wSince there were 1,000 beets analyzed, the total number of degrees 
of freedom is 1,000—1, or 999. The 100 plots contribute 99 degrees 
of freedom. The remainder, *999 — 99, or 900, is the number of 
degrees of freedom due to variation within plots. This value might 
be determined in another way. Since there are 10 beets in each plot, 
there would be 9 degrees of freedom within each plot. One hundred 
such plots would give the 900 degrees of freedom alloted to variation 
within plots. 

The total sum of squares is found by squaring the sugar percentages 
of each of the 1,000 beets and subtracting the product of the general 
sum multiplied by the general mean. The sum of squares due to 
v^ariation between plots may be found most easily, when a calculating 
machine is available, by squaring the sums of the sugar percentages 
for each plot, dividing by the number of elements contributing to each 
sum (10 in this case), and subtracting the product of the general sum 
multiplied by the general mean used above. The sum of squares due 
to variation within plots is obtained by subtracting the sum of squares 
due to variation between plots from that of the total. The analysis 
is then on a single-beet basis. All analyses of variance given in this 
parnu* will be on that basis unless otherwise stated. 

The significance of the difference between the variance between 
plots and the variance within plots is found by Fisher's z test, z is 
one-half the difference between the natural logarithms of the two 
variances (or the difference between the natural logarithms of the 
standard errors). Fisher ® has provided tables showing the values of 
z that would be attained by chance for two different levels of signifi- 
cance, the 5 per cent and the 1 per cent points. If the 5 per cent 
point of z is exceeded, it is understood that a difference as great as 
that between the two observed variances would occur by chance 
between two samples from homogeneous material less than once in 20 

» FI9BBR, R. A. RTATianCAI IIBTHOPS FOR RBS)|iABCB WORKBBS, Ed- 3, MV. and enl., 283 p., i!|US, 
Edinburgh and lx>iidon, 1030. 


636 


Journal of Agricultural Research 


Vol. 44, No. 8 


times. The 5 per cent point is taken as a convenient minimum level 
of significance. Since the value of is not given for ni = 99 and 
n2~900, it must be calcula^fl.® The 5 per cent point is found to be 
at 0.1165 and the 1 per-cent point at 0.1636. The observed value of 
2 exceeds the 1 per cent point. This would indicate that there was a 
significantly greater variation between plots than within plots. Soil 
heterogeneity, therefore, was a significant factor in affecting the sugar 
percentage in different plots. 

The analysis of variance of weight is given in Table 2. The varia- 
tion in weight between plots is undoubtedly greater than the variation 
within plots, since the observed value of z exceeds the 1 per cent point. 


Table 2. — Analysis of variance of weight 


Variation | 

Degrees of 
freedom 

SUlU of 
squares 

Mean 

square 

Standard 

deviation 

t 

Between plots - 

Qd 

900 

fiS.4510 j 
SflO.4020 ! 

a 5601 
.4004 

a 7484* 
.6328 

} 0. 1679 

Within pwts 1 

Total 

999 

415.8836 

.4163 

.6452 





The covariance of sugar percentage and weight is given in Table 3. 
The covariance is found by multiplying the sugar percentage by the 
weight, summing, and subtracting the general sum of one variable 
multiplied by the general mean of the other. 


Table 3. — Analysis of covariance of weight and sugar percentage 


Variation 

• 

Degrees of 
freedom 

Sum of 
products 

Mean 

product 

Between plots - 

99 

900 

-49.2867 

-212.4120 

-0.4978 

-.2360 

Within plots - - 

Total, 


-261. 6987 

-.2620 



The regression of sugar percentage on weight may now be cal- 
culated and the significance and linearity of such regression deter- 
mined. The regression of sugar percentage on weight within plots 
should yield the most exact determination available from the data. 
By deanng with variations within ijlots of one row 2 rods long, the 
regression will be unaffected by soil heterogeneity for both weight 
and sugar percentage between plots. The regression coefficient 
calculated from observations taken over a large area might easily be 
affected greatly by differential soil heterogeneity. A positive rela- 
tionship might be found from data obtained from a large area and a 
negative r^tionship from data obtained from a small area. The 
studies of small areas would tend to dve the more exact relationship, 
since they would be influ^ed much less by soil variability. 

In order that the notation shdl sot be confusing^^the symbol u? will 
be the w^ght of roots in pounds; ifo, the mean weight 

of roots; Z (Zucker)^ the ^tinmted sugar peloenta^; z, an observed 
value of sugiur percentage; and S, the mean sugar percentage. 

9p.dt.,T«W9Vi. 
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The regression of sugar percentage on weight is given by the coeffi- 
cient of in the formma 


Z=2+6(wi— w?), 

where Z is tl^ estimated sugar percentage; i, the mean sugar per- 
centage ;{w—w)f the deviation of a given weight from the mean weight; 
and 6, the regression coefficient calculated from 

S{zw— zw) 

Siw-lof 


The calculated regression coefficient for variation within plots would 
then be given by 


-212.4120 

360.4020- 


, or —0.589375, 


and the regression equation by 

Z= 14.0573-0.589375 {w-w). 

Since the mean weight (w) was 1.7738 pounds, the regression equation 
can be expressed more conveniently by 15.1027-0.589375 w, 
where w is any observed weight, the mean sugar percentage being 
14.0573 per cent. This would then express the sugar percentage 
predicted on the basis of its relationship to weight. As weight in- 
creased by 1 pound, the predicted sugar percentage decreased by 0.59 
per cent. The correlation between weight and sugar percentage, 
within plots, was —0.2551. This correlation coefficient is shown to 
be undoubtedly significant when a test of significance is applied; 
therefore the regression coeflicient must be significant also. The 
significance of the latter will be determined later in another way. 

In order to determine whether the regression of sugar percentage 
on yield was essentially linear or whether the quadratic regression 
would describe inore accurately the exact relationship, the term 
was introduced; i. e., each wekht was squared and the results were 
considered a tlurd variable. By calculating the variance of and 
the covariance of vf with w and «, using the analysis-of-variance 
method previously illustrated, the values given in Table 4 were 
obtained. ^ 

TabiiX 4. — Numeriecd mduei of ounu of sgtuires or of produeti 


Sumofsotittimarof 

proaoota 

Within idots 

Between 

plots 

Sum of squares or of 
products 

Within plots 

Between 

plots 

- 



a(fw-*iS) 

1023.6000 
a6a 4030 
-2X2.4120 

8813977 

8S.4816 

-40.2067 





S(fw»-fie») 

6610.7071 

1406.8448 

-^8212 

861.8667 

2ia6884 

-186.0060 


— 8 




(^8 ^ Jonmal oj AgrwiMwrol Bestarch v<d. 44 , No. s 

The quadratic regression that will satisfy the equation 
Z * s + 6(w— 1^) 4* 0 ( 11 ?* —1?) 

may be found by substituting in the following simidtaneous equa- 
tions, and solving 

w)* + cS(w^w- 1(7*35) « 8{zw- gw) 

bS(v^W— K7*w) + C/S(k?* - 3?)* = 5(gK7* “ 535*) 

Substituting the appropriate values for the sums of squares or 
products within l^ots m these formulae and solving, 6^0.133687 and 
c= —0.185364. The quadratic regression equation would then be 

Z= 14.0573 +0.133687 (k?-w)- 0.185364 (m7*-35^) 

or, expressed more suitably for calculation, 

Z- 14.4805 + 0.133687 w-0.185364 wt* 

since 1.7738 and 3? = 3.5622. 

The si^ficance of the regression coefficient may }>e tested by 
apportiomng the total sum of squares within plots to the part duo to 
linear regression and to the part duo to deviation from regression. 
The part due to linear regression will be given by 

h8(zw— zw)}^ 

The part due to quadratic regression will be given by 
h8 (zw — zw) + e8{zvf — 537*) . 

The analysis of variance is shown in Table 5. 


Table 5. — T^9 of oignificance of linear and Quadratic regression and of increased 
accuracy of quadratic over linear regression 

LINEAU BEOKESSION 


VBriatlozi due to— 

Degrees of 
freedom 

Sum of squares 

Mean square 

2 

g 

SI 

1 

1 

m 


125 1008 
L 708. 5067 


125.1603 

2.000A 


} 2 0682 

Deviation from linear regression 




Total within plots 

900 


1,923 B900 


2 3104 







QUADBATXC REaRESSION 


Quadratic regression^ 

2 ! 


186.7295 


68.8648 

1.9809 

- _ . 

} 1 7684 

Deviation from quadratic regression. 

806 


I,78A9695 



Total within {dots 

900 


L988.6990 


2.8104 









qUABRATIC AKX» LINEAR REORBSSION COMPARED 



2 

HR 

186.7295 

inii 

6a8648 







11.5892 



1 


r 1 r.a. 

}a8788 

SKSaton from qaadratle regressfon. ... 

tti’ 


1,786.9685 


1.8899 

Total within 8»lota 

too 


l,«k6980 


a 8104 






— 

; 







Op.011;. CteflNMttiotiS.) 
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In testing the significance of the linear and quadratic regressions 
the value of z exceeded the 1 per cent point, and it may be concluded 
that the regressions are undoubtedly significant. In testing the in- 
creased accuracy of the quadratic over the linear recession the ob- 
served value of z (0.8788) exceeded the 5 per cent point but not the 
1 per cent. About 92 per cent of the quadratic regression could be 
represented by the linear equation. It may be concluded, therefore, 
that the quadratic regression probably was a better measure of the 
regression of sugar percentage on weight than the linear equation. 
The regression was not entirely linear. 

Given the variances for sugar percentage and weight between plots 
and the regression of sugar percentage on weight within plots, it is 
possible to determine whether sugar percentage varied significantly 
from plot to plot, even when the effect of weight on sugar percentage 
was held constant, on the basis of the regression relationship. If the 
variation in sugar percent^e is significant after being so corrected 
it may be concluded that soil heterogeneity was such as to affect sugar 
percentage significantly apart from the indirect effect on sugar per- 
centage caused by soil variability affecting weight. Such a study 
would shed light on the question of whether soil heterogeneity 
affected weight and sugar percentage independently. 

VARIABILITY IN SUGAR PERCENTAGE BETWEEN PLOTS AFTER CORRECTION FOR 
REGRESSION ON WEIGHT 

From the data already given, the variability in sugar percentage 
between the different plots, holding constant the effect of weight on 
sugar percentage (as expressed by the regression coefficient), may be 
det/ermined. Using the linear regression, the sum of squares due to 
variation in sugar pen*.entago between plots, (*.orrected for regression 
of sugar on weight within juots, may be calculated from 

jS{ iz—z) — b(w-wy. 

This formula may be expanded into 

S{ {z- zY— 2bizw— zw) + 6*(w'-“ w) 

Substituting the necessary sums of squares or products and the regres- 
sion coefficient, 

384.3977-2 (-0.589376) (-49.2867) + (0.589375)* (55.4516)- 
345,5628 

The analysis of variance is shown in Table 6. 

Table 6. — Ancdysis of variance in eugar •percentage between plols after correcting 
for linear regreaeion of atigar percentage on weight within plota 


VarlAtlon 

Degrees of 
frwom 

Sum of 
squares 

Meai) 

square 

f 

B«twMo plots oovraotsd lor weight 

99 

345.5828 

3.4905 

} a3788 

nevlatlon fwm itnaaf rogrenlon — ... 

899 

1,798.6067 1 

2.0006 




The variance of sugar peroent^e between plots has been reduced 
only, 10 per cent by oorrecti^ for the regression of sugar percentage 
on weight, L e., the variance after correction is about 90 per cent of 
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the variance between plots before correction. The observed value of 
iS exceeds the 1 per cent pointy and it may be concluded that the varia- 
tion in sugar percentage between plots was quite significant even 
when the effect of weigM was held constant. Apparently, soil di^er- 
ences in different plots were such as to affect si^i^cantly the sugar 
percentage apart from the indirect effect due to weight. 

In like manner a test may be made holding constant the effect of 
weight on sugar percentage on the basis of the quadratic regression 
relationship. The sum of squares measuring the variability in sugar 
percentage between plots, holding constant the effect of sugar per- 
centage on weight within plots, is then given by 

S{ — — 

Expanding this as before and substituting the appropriate values, a 
variance of 348.7712 is obtained. Only 9 per cent of the variance 
between plots has now been removed by the quadratic regression. 
The analysis of variance is shown in Table 7. The observed valqe 
of z again exceeds the 1 per cent point, and we conclude that there 
was a significant variation in sugar percentage between plots, even 
when corrected for quadratic recession of sugar percentage on 
weight within plots. There can be Kttle question, therefore, that 
soil heterogeneity affected both weight and sugar percentage inde- 
pendently to an appreciable degree. 

Tablb 7 . — AmdyatB of variance in eugar percentage between plots after correcting 
for q%tadra;tic regression of sugar percentage on weight within plots 


1 

Degrees of 

Sum of 

Mean 


• 

freedom 

squares 

square 


Between plots, oorreoted for weight 

89 

348.7712 

3.5229 

1 0.2856 

Deviation Irom quadratic regreesfon 

808 

1786.0696 

1.9809 


SIZE OF SAMPLE IN RELATION TO DETERMINATION OF SUGAR PERCENTAGE 

The analysis of variance designed to determine variability between 
individual beets within a plot of given size and between the means of 
different plots can be made most advantageously by assuming a h^o- 
thetical experiment designed to test a given number of varieties. The 
total-sum of squares can be apportioned to that part due to variation 
between blocks and that part due to variation irithih blocks. When 
the arrai:^ement of plots within each block, or replication series, is 
random, it will alwf^s be Intimate to elimmate the variability be- 
tween blocks from the total variability in determining the part that 
ma;f be ascribed to error. The assumption of a given number of 
vaneties to be tested and the elimination of variability between blocks 
containing these varieties seems, therefore, a valid one. The sum of 
squares <me to variations within blocks can be divided further into 
that part due to variation between the plots iMthih a block and that 
due to variation within plots. The study pres^ted here was made 
the assumption that 5 or 10 varieties or treatments were to be 
results on the assunmtioii of five varieties tested will be 
and in some detiril* The imulte for 10 varieties tested 
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will be presented later in summary form. The data from plots 2 
rods long will be given first. It must be remembered that the sam- 
pling was confined to only one row in each 4-row plot. The analyses 
of variance are all on a single-beet or 0.1-plot basis. 

The study was made on 10 beets taken from each of 100 plots 2 
rods long. Since five varieties are to be tested, there will be 20 replica- 
tion series or blocks. The latter term will be used. The analysis of 
variance for plots 2, 4, 10, and 20 rods long is shown in Table 8. 


Table 8. — Analyais of variance in sugar percentage of beets in plots of various 

lengths 

PLOTS 2 RODS LONG 


Variation 

Degreca 1 
of free- 
dom 

Sum of 
squares 

Mean 

B(iuare 

Standard 

deviation! 

2 

Between blocks.... 

*5 10 

^ 160.3677 

7.9141 

2.8132 

} 0.6397 

Within blocks 

980 

2,157.7290 

2.2018 

1.4838 

Total 

1 990 

2.308.0967 

2.3104 

1.5200 


Between plots..... - 

> 80 

234.0300 

2.9264 

1. 7*104 

} 0. 1660 

Within plots • 

/ . 900 

1,023.6990 

2. 1374 

1.4020 


PLOTS 4 RODS LONG 


Between blocks 

9 

99. 1730 

11.0192 

3. 3195 

} 0.7985 

Within blocks 

990 

2; 208. 9237 

2.2312 

1.4937 

Total 

999 

2.308.0967 

2.3104 

1.5200 


Between plots 

40 

159.4352 

3.9859 

1.9905 

} 0.3069 

Within plots • 

950 

2.049.4885 

2.1574 

1.4688 

PLOTS 10 RODS LONG 

Between blocks 1 sl 22.6335 

7.5445 

2.7407 

} 0.6991 

Within blocks 

996 

2, 285. 4632 

2.2946 

1. 5148 

Total 

999 

2.308.0967 

2.3104 

1.5200 


Between plots 

Within plots • 

16 

65.2002 

3.4500 

1.8574 

} 0.2080 

980 

2.230.2630 

2.2758 

1.5086 


PLOTS 20 RODS LONG 


Between hlnnk s 

1 

8. 0102 

8. 0102 

2.8302 


Within blocks 

998 

2.30a 0865 

2.3047 

1.5181 

1 0.6229 

Total 

990 

2.308.0967 

2.3104 

1.5200 


Between plots 

8 

i 30.3034 

3.7954 

1.9482 

\ O OJC01 

Within plots ■. 

990 

2,269.7231 

2.2926 

1.5141 



• Derived by sabtractlng the calculated values between plots Arom the values within blocks. 


The total sum of squares mav first be apportioned to that part due 
to variation between blocks of five varieties each and to that part 
due to variation within these blocks. The sum of squares within 
blocks ma^ be subdivided into that part due to variation between 
plots withm the blocks and that part due to variation between beets 
within individual plote. The observed z value (0.6397) for the 2-r6d 
plots, since it exceeds the 1 per cent point, shows that the variance 
between blocks was significantly greater than the variance within 
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blocks. The variance between plots within the blocks was signifi- 
cantly greater than the variance within plots, since the e vaiiie 
(0.1569) exceeds the 5 per cent but hot the 1 per cent point. It is 
from the variance between |)lo^ that the error of the test must be 
calculated. The variance within plots provides an estimate of the 
sampling error. 

with the 4-rod plots the first value of z exceeds the 1 per cent point 
and the second tne 5 per cent. Both may ])e judged significant. 
With the 10-rod plots the first value of z exceeds the 5 per cent point 
and the second does not. With the 20-rod plots neither value of z 
exceeds the 5 per cent point, and it can not be concluded that the 
variances compared were really different. 

The data from the 2-rod plots in Table 9, considered critically, 
reveal several interesting facts. The first is that the variance be- 
tween plots within blocks is due, to a great extent, to the variation 
within plots, i. e., the errors in sampling. The variance between 
plots (2.9254) is due to two components, namely, the sampling 
variance (2.1374) and a residue (0.7880) due to soil heterogeneity 
between plots; that is, 73.1 per cent of the variance between plots 
is due to sampling errors. The variation due to actual soil differ- 
ences between plots (variance 0.7880) can be reduced only by increased 
replication. The sampling error (variance 2.1374) can be reduced 
only by increa^ng the size of sample. The standard error between 
plots of any given magnitude can then be estimated, on this basis, 
for various numbers of replications and sizes of sample per plot. 

A table may be constructed giving the size of sample necessary to 
reduce the standard error of the mean sugar percentage to 0.3, 0.2, 
and 0.1 per cent sugar when 4, 6, 8, 10, and 20 replications are used 
for plots 2, 4, 10, and 20 rods long. Since the samples were taken from 
1 row in each 4-row plo(, such a table would give the size of sample 
needed when onlv 1 row was sampled. In practice the two central 
rows from each plot probably would be sampled. The variance within 
plots increased but dowly with increasing length of row. It is to be 
expected, then, that the sampling variance would not have been in- 
creased ^atly had the samples been taken from the two central rows 
of each plot instead of from a single row. A formula giving the 
size of sample needed to obtain a given standard error of the mean 
for a given number of replications may be* devised as follows: 

Given: 


JBC-prequired variance of mean sugar percentage. 

IV"— number of replications. 

^ ^number of beets per plot. J J 

variance between sinde beets within plots.'' J 


I variance between plots due to soil differences, i. e., variance 
between plots witbdn blocks minus variance within plots, 
expressed on a plot'bssis. / 

Then \ J V 




■i; I ■- ' ' 

wm id^e the numbw oi of sample necessary i 

: vmw the reriance of the mean iofi^.j^yen level (IC). Tim sixe 
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sample for a given number of replications and a given degree of 
accuracy can be calculated convemently from 

m 

^~K]V-p- 

For example: To reduce the standard error of the mean to a given 
level when plots 2 rods long were used and five varieties tested 
(see Table 8), where m==2.1374 and = 0.0788, 

2.1374 

'^~KN-0:b78H 

To obtain a standard of 0.1 (variance 0.01) with 10 replications, 

"=(6.01) (iof- 6.0788 = ^®° (approximately). 

It would require 100 beets per plot to obtain a standard error of 
0.1, using 10 replications. 

Table 9. — Number of beets per plotf when five varieties are testedj necessary in an-- 
alysis to reduce the standard error of mean sugar percentage to 0,3 ^ 0.3, and 0.1 
per cent, for various lengths of plots and numbers of replications 


Number of beets }>er plot of indicated length (rods) nettessary to reduce stand* 
ard error of mean to— 


Nmnb«r of replientious 


0.3 per cent 



0.2 per cent 


0.1 per cent 



1 

4 I 10 

20 

2 

4 

10 

20 

2 

4 

10 

20 

4 

8 

8 ! 7 

7 

2B 

31 

17 

10 



138 i 

92 

n 

6 

6 ! 4 

4 

13 

15 

11 

10 



02 

• 61 

8. 

3 

3 ! 3 

3 

0 

9 

8 

• 8 

« 1931 

1 

40 

35 

10... 

2 

3 1 3 

3 

7 

7 

6 

0 

*100 

•261 

30 1 

27 

20 

1 j 

M ‘ 

1 

3 

3 

3 

3 

18 

20i 

.3, 

12 


« Size of sample exceeded the number of beets expected in 2 rows of tire plot, with a perfect stand. 


In Table 9 is given the size of sample necessary to reduce the stand- 
ard error of the mean to 0.3, 0.2, and 0.1 per cent sugar with various 
numbers of replications. The number of beets required is given in 
whole numbers. A standard error of the mean of 0.3 or 0.2 could be 
obtained easilv, i. e., with a relatively small number of sugar analyses,, 
especially if the sugar analyses were made on bulk sarnies from the 
different plots. A standard error of the mean of 0.1 could be ob- 
tained only by using much larger samples and longer plots, particu- 
larly for the smaller number of replications. In fact, it would be 
impossible to obtain a standard error of the mean sugar percentage 
of 0.1 by using plots 2 or 4 rods long and replicating only 10 times 
or less. For four and six replications and plots 2 or 4 roas long the 
variance due to inherent differences in the soil (expressed by p) was 
itself greater than the desired variance (KN—p was negative), and a 
standard error of 0.1 could not be obtained regardless of size of sam- 
ple. An accuracy of O.l could be obtained only from large plote or 
from a large number of replications of the Aort plots. 
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As replication was increased, the total number of beets needed for 
sugar analysis decreased. With plots 4 rods long and with 4 replica- 
tions it would be necessary to analyze 124 beets to obtain a standard 
error of 0.2 per cent sugar. If 20 replications had been used, only 
60 beets would have been required to obtain the same standard error. 

In Table 10 are given the results on the basis of 10 varieties tested. 
Since 10 varieties would require more land per block than 5 varieties, 
the amount of variance between blocks that can be removed would 
be less. This would leave a greater variance within blocks on a 10- 
variety basis. Greater variability within blocks would mean in- 
crease in size of samples needed to obtain the same accuracy as could 
be obtained were only five varieties tested. This was particularly 
true for the smaller number of replications, since the variance be- 
tween plots due to inherent soil differences, represented by j), was 
greater than for five varieties tested, and consequently played a 
more important r61e. The variance represented by rn was the same 
as in the 5-variety test. 

Table 10 . — ^Number of beets per plot, when 10 varieties are tested j necessary in 
analysis to reduce the standard error of mean sugar percentage to 0 .^, 0.2^ and 
0.1 j}er centf for various lengths of plots and numbers of replications 


Number of beets per plot of indicHted length (rods) neoes-sary to reduce standard 
error of mean to— 


Number of replications 


0.3 per cent 


1 

I 

0.2 per cent 


i .. 

0.1 per cent 


2 

4 

10 

20 

* 

4 

10 

20 

2 

4 

10 

20 

4 

9 

9 

7 

7 

! •TS 

r)3 

19 

i 

10 



®3,Jr93 

113 

fl 

.*> 

5 

6 

4 * 


18 

11 

10 



' iio 

67 

8 

4 

4 

4 

3 

11 

11 

8 

8 1 



GCt 

I 38 

10 

3 

•3 

3 

3 

9 

8 

G 

0 



38 

1 29 

20 

1 

1 

1 

1 

3 

3 

3 

i 

3 i 

1 


27 

14 

1 


• Size of sample exceeded the number of beets exi)ected in 2 rows of the plot, with a perfect stand. 


MEAN AND STANDARD ERROR OP TOTAL SUGAR PER BEET 

The mean sugar per beet (expressed in pounds) may be obtained 
by multiplying the weight per beet by the sugar percentage and 
averaging the quantities obtained. It may be obtained also by direct 
calculation from the formula 


— , S {w—w) (2~i) 

10 3+—'- - H - 


where w and ¥ are the mean weight and sugar percentage, respec- 
tively, ^ 

Sjw—w) (g~g) 
n' 

is the covariance of weight and sugar percentage, and n' is the actual 
number of beets. Since the mean weight was 1.7738 pounds, the 
mean sugar percentage (expressed as a decimal fraction) was 0.140573, 
and the covariance was 0.002617, the mean total sugar per beet 
would be 0.2467 poimd. 
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The standard error of sugar per beet was approximated from the 
formula 

^z^V{w)-i-vfV(z) + 2 zw V{wz) 

where V{w) and V{z) are the variances of weight and sugar percent- 
age, respectively, and V{wz) is the covariance. 

In Table 11 is given the standard error in percentage of the mean 
for the variations in weight, sugar percentage, and total sugar per 
beet between plots in blocks of 10 varieties. 

Table 11. — Standard error per beet of weighty sugar percentage^ and total sugar, 
expressed in percentage of ike mean 


2 . . 
4.. 
10 
20 . 


lienjrth of i)lot in rods 


, Standard error (in percent- 
I ago of mean) for — 


i i 

; Weight j 

Sugar 

perpent- 

age 

Sugar 
per beet 

41.3 1 

13.2 

37.4 

i 41. j; 

16.2 

30. (J 

.Vi. .'■> 

14.7 

48.3 

L '.i 

14.7 

.64.4 


nie individual roots varied tremendously in weight and much less in 
sugar ])ercentago. The variability in the product of weight times 
sugar percentage, or sugar per beet, w'as intermediate. With no 
correlation, the standard error of sugar per beet would be the square 
ro()t of the suiri of the variances of weight and sugar percentage 
weighted by the squares of the mean sugar percentage and mean 
weight, respectively. A negative correlation would reduce this 
quantity, depending on its magnitude. 

VARIATION IN SUGAR PERCENTAGE DETERMINED FROM THE MEAN OF 10 INDI- 
VIDUAL ROOTS AND FROM BULK SAMPLES OF 10 

Besides the 10 individual sugar-beet analyses made from beets on 
each of the 100 plots, a bulk sample of 10 other beets (taken from the 
same rows) was also analvzed for sugar. The entire sample was 
ground, the juice expressed in a hydraulic press, and the sugar per- 
centage in the juice determined by Hornets dry lead method. The 
bulk sample was taken over the entire length of the row in the same 
manner as the individuals. A comparison was then made of the 
variances between plots based on the mean of 10 individual sugar 
analyses and on the bulk analysis of 10 beets made on the same plots. 
The results, given in Table 12, are on a 10-beet basis. 

Table 12. — Variability of means of 10 beets per plot analyzed individually and 10 
beets analyzed as a composite sample 


Variation between plots determined from— 

Degrees of 
freedom 1 

JL 

1 Mean square 

Standard 

deviation 

2 

Means of 10 individuals. 

m 

0.3883 

0.0231 

} 0.0604 

Bulk samples of 10 individuals 

90 

.2730 

.'5234 
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The observed value of z does not exceed the expected 5 per cent 
point value of 0.1G28, and it may he concluded that the two variances 
were not significantly different. We niay assume, therefore, that the 
conclusions based on the variability of individual sugar determinations 
will be a valid estimate of the results to be expected from sugar 
determinations based on composite samples. 

DISCUSSION 

The <lual effect of soil heterogeneity was iilustrate(i in a striking 
inanner by the demonstration that only a small portion of the varia- 
tion in sugar percentage between plots wilhin blocks was due to the 
same factors that affected both weight of roots and sugar percentage. 
A riven standard error for weight or sugar percentage can be obtained 
only from a consideration of number of replicati()ns and size of 
sample. This must be determined almost independently for both. 

The studies on size of sample revealed several interesting facts. 
Standard en’orn of 0.3 and 0.2 per cent sugar could be obtained fairly 
easily, while a standard error of 0.1 per cent could be secured only with 
much greater difficulty. Increasing the replication reduced the total 
number of beets needed for sugar analysis. This reduction was not 
uniforni, however, as replication was increased. The greatest 
reduction in total number of beets needed came when tlu^ replications 
w'ere increased from four to six, and decreased more and more slowly 
with further replication. 

By knowing the cost of the field operations and the cost of tlie sugar 
analjrses in the laboratory, it would be a siinple matter to determine 
the size of plot and the number of replications that would give th<‘ 
required standard error at minimum cost. In practice the best size 
of plot and number of replications would have to be determined from 
variability studies for yield as well as for sugar percentage. There- 
fore, the cost of the yield trials in relation to the accuracy of results 
obtained would need to be considered also. 

It seems evident that in sampling studies vpiability both between 
plots and within plots must bo considered. Tliis was shown by the fact 
that a standard error of the mean of 0.1 per cent in sugar could not be 
obtained from plots 2 or 4 rods long replicated six times or less. The 
error due to responses to soil differences between plots exceeded this 
value, making it impossible to obtain a standard error of 0.1 per cent 
in this study, regardless of size of sample. 

In practice it would seem advisable to take at least two samples 
from each plot, even when composite samples are used, so that the 
analysis of results shall always give a measure of the sampling error. 
The latter would serve as a constant check on the accuracy of the 
sampling method. Such samples would need to be taken so that each 
would sample uniformly the entire plot considered, but the two 
sampling units should be taken at random. 

SUMMARY 

Sampling technic was studied in relation to the determination 
of sugar percentage in sugar beets. 

Regression of sugar percentage on weight of roots was not entirely 
Unear. Ninety-two per cent of the quadratic regression could be 
explained in terms of the linear function. 
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Soil heterogeneity between plots was found to affect sugar per- 
centages significantly even when the effect of weight was held constant 
by means of the regression relationship. 

Tables are given showing the number of beets per plot needed to 
reduce the standard error of the mean to 0.3, 0.2, and 0.1 per cent 
sugar for various sizes of plots and numbers of replications. 

Variability in su^ar percentage between plots and within plots must 
be considered in estimating the size of sample required and the number 
of replications needed to reduce the standard error to a given level. 

The standard error of the mean of total sugar per beet was somewhat 
lower than the standard error for weight and much higlier than that 
for sugar percentage. 

Variability in sugar percentage between plots was essentially the 
same whether calculated from the mean of 10 beets analyzed individ- 
ually or from a composite sample of the same number. 




SIZE AND SHAPE OP PLOT IN RELATION TO FIELD 
EXPERIMENTS WITH SUGAR BEETS ‘ 


By F. R. Immer 2 

Associate Geneticist^ Division of Sugar Plant Investigations^ Bureau of Plant 
Industry f United Stales Department of Agriculture 

INTRODUCTION 

The literature dealing with field experiments is very extensive. 
Studies to determine the most efficient size and shape of plot and the 
value of replication have been conducted with a great variety of 
crops and under widely diverse conditions. The committee for the 
standardization of field experiments of the American Society of 
Agronomy has given a complete bibliography dealing with this 
subject. ^ 

Studies on size and shape of plot in relation to field experiments 
with sugar beets {Beta vulgaris L.) are of special interest, since they 
must be concerned not only with yield but also with sugar percentage, 
total sugar per plot, and percentage of purity. The optimum size 
and shape of plot for determining one of these characters is not neces- 
sarily the most efficient for the other characters. All four must be 
considered and their relationship to one another determined. 

Pritchard ^ studied the value of check plots and repeated plantings 
in variety trials with sugar beets and concluded that frequent checks 
enuld be used to advantage in calculating the error of the experi- 
ment. He also found that the error of the experiment was reduced 
with increased replication. The reduction was most pronounced as 
replication increased to 7; smaller gains were obtained for greater 
replications, i. e., up to 10. 

The yields of relatively small plots, such as are used in agronomic 
experiments, will usually be determined by harvesting the entire plot. 
Except for very small plots it would not seem necessary to analyze 
all the beets in a plot for sugar percentage. Samphng methods 
must be resorted to, therefore, in selecting beets for sugar analysis. 
This introduces another error, the error in sampling. The writer has 
studied sampling technic with sugar beets in relation to the determin- 
ation of sugar percentage of the roots and has discussed the problem 
in some detail.® The present study was made from data obtained 
from the same field as was used for the study of sampling technic. 
The data on sugar percentage ® and apparent purity ^ used in this 

* Rcooivtid for publicatlou Nov. 5 , 1931; issued May, 1932. Contribution from the National Research 
Council and from the U . S. Department of Agriculture in cooperation with the Minnesota Agricultural 
Experiment Station. 

* Fellow of the National Research Council. The writer takes great pleat^iire in recording his indebted- 
ness to Dr. R. A. Fisher, chief statistician of the Rotharasted Experimental Station, Harpenden, Herts, 
England, under whose guidance ami in whose laboratory this study was made. He also wishes to express 
his appreciation to Dr. J . Wishart for heJpful suggestions given during the course of the study. 

» American Society of Agronomy, Committee wor the Standardization of Field Experiments. 
REPORTS • ♦ • . Jour. Amer. Soc. Awon. 18: 1143-1144, 1026: 22: 1056-1061. 1930. 

* Pritchard, P. j. the use of checkaand repeated plantings in varietal tests. Jour. Amer, 
Soc. Agron. 8: 66-81, Ulus. 1910. 

* Immer, P. R. a study of sampling technic with sugar beets. Jour. Agr. Research 44: 633-647 

* Sugar percentage (as used here) is the percentage of sucrose in the beet. 
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study wore obtained by sampling methods but slightly different from 
those of the previous study. The analysis of the data will be made 
in the same manner as before. 

MATERIAL AND METHODS 

A small field of sugar beets of approximately nine-tenths of an acre 
in area, planted with Pioneer variety in 1930, was chosen for the 
experiment. The field had been cropped in a uniform manner for 
several years prior to 1930, and cultural conditions were uniform 
throughout the field during the growing season. The beets were 

g lanted in rows 22 inches apart on May 5. At thinning time the 
eld was cross marked, dividing the rows into 12-inch units, and a 
single beet was left in each unit. While the spacing was not exactly 
12 inches in all cases, slight adjustments being made between the 
cross marks, the number of beets left after thinning averaged very 
nearly one per foot of row. The plot was cultivated during the grow- 
ing season with hand cultivators. At harvest time the field was 
marked out into plots 2 rods (33jget) long, with 2-foot alleys between 
the ends of adjacent plots. TfieBeets in these alleys were removed 
by hand before harvest in order to minimize errors due to the beets 
being dragged from one plot to another by the beet lifter. The field 
actually harvested, after removing border rows and the ends of the 
field, consisted of 60 rows 350 feet long, the rows being subdivided 
into 10 series of plots each 2 rods long, with 2-foot alleys between. 
All beets adjacent to noticeable skips in the row were removed before 
harvest. After correction for such skips the stand was approximately 
85 per cent of a perfect stand. The beets were harvested during the 
first week in October. 

The beets were lifted with a regular beet lifter. A sample of 10 
beets was next taken from each ultimate unit (1 row 2 rods long) at 
uniform intervals over the entire length of the row. Approximately 
every third beet was taken for the sample, the exact number depend- 
ing on the total number of beets in tne plot after removal of Deets 
adjacent to skips. These sample beets were topped, placed directly 
in labeled waterproof bags, and removed to the laboratory. There 
they were weighed, washed clean of dirt, and weighed again. The 
entire sample was then ground by a grinder of the multiple-saw type, 
the juice was extracted from the pulp by a hydraulic press under 
constant pressure, and about IJ^ pints of juice was used for the deter- 
mination x)f sugar percentage and apparent purity. The sugar per- 
centage in the juice was determinea® by Homers diy lead method, 
and the apparent purity was determined as the ratio of sugar per- 
centage to the corrected Brix reading. 

The remaining beets in the plot were then topped and weighed. 
The combined weight of the beets taken for sugar samples and those 
from the remainder of the plot, corrected for tare, was considered 
the yidd of the plot. The beets were counted at w^eighing tiihe, 
and yields were calculated on the basis of 33 beets per plot of 1 row 
2 rods long. The tare, as determined from the sam^e, was only 
about 5 per cent and fairly uniform from plot to plot. The harvest- 

< A conversion feotor of 06.2 was used as a constant to convert the percentage of sucrose in the Juioe to 
percentage, sucrose in the beet. 
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total), and subtracting the same product of the general total times the 
general mean as used in obtaining the total sum of squares. The 
sum of squares due to variation within blocks is the difference between 
the total sum of squares and that portion due to variation between 
blocks. Since a total of 600 plots was considered, ihere were 599 
degrees of freedom attributable to the total sum of squares. 
There were 120 blocks (of 5 plots each) and consequently 119 degrees 
of freedom due to blocks; 599—119 (or 4X120) gives 480 degrees of 
freedom due to variation between the 5 plots within each of the 120 
blocks. The mean square or variance (standard deviation squared) 
is found by dividing the sum of squares by the appropriate number 
of degrees of freedom. The standard deviation is the square root of 
the mean scpiare or variance. 

Table 2. — Analysis of variance of weight of heet» in »ingle-row plots 2 rods long 


Variation- 

ORBriJe-s 
of free- 
dom 

Sum of 
squares 

Mean 
square « 

Standard 

deviation 

2 fc 

Jb'twMrn blocks ... . _ 

Within hlock.s 

no 

4H0 

fi. 740. .•M.'iO i 
10, 547. 7280 ] 

; .50.0410 
! 21.9744 

7. 62f.l 

4. 0877 

} 0. 4735 

'rottvl iM'twccn plots 

500 

17. 288.0730 ‘ 

1 

' 28.8010 

i 

i 5 . 372:1 




Sum of .'Squares 

. M™n square or varmne.. (S. ' 

one-half th« dilferciU'C between I he natural loKurithnis of the I wo variaii(*es, or 1 he difTerence bet ween 
tlie natural logarithms of the statulard orror.'^ (standard deviations). 


The significance of the difference between the variaru^e between 
blocks and that within blocks vras deterjuined by the z test developed 
by Fisher.’^ The test consists in finding the difference between one- 
half the natural logarithms of the two variances, or the difference 
between the natural logarithms of the standard errors (standard 
deviations), and determining the significance of this difference 
by reference to tables provided by Fisher.'* The value pf z 
in these tables is given for two different levels of significance — the 5 
per cent point and the 1 p<u- cent point. When z exceeds the 5 per 
cent point, it is considered that a difference as great as the observed 
difference will he obtained leas than once in 20 trials, from homogene- 
ous material, due to the errors of random sampling. The 5 per cent 
j)oint is taken as a convenient minimum level of significance. In 
Table 2, the observed value of z exceeds the 1 per cent point and we 
conclude that the difference was undoubtedly significant. Since the 
variance between blocks was significantly greater than the variance 
within, the elimination of variation betw^een blocks has proved worth- 
while. The standard eiTor of a single row 2 rods loi^was, then, 
4.6877 pounds or ff.T6 per cent of the mean yield of 51w80 pounds. 

In like manner we may determine the standard error oi 3-row^ plots 
with the outer row on each side discarded to eliminate any possible 
dUferential competition between varieties. A single row is then 
harvested from each 3-row plot. The analysis of variance is given in 
Table '3. 


riSBER, R. A. Op. cit. 
118129—32 i 
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Table 3- — Andly 9 i& of variance of yield of beets in 3-row plots 3 rods long^ of which 
only the central row was harvested 


i 

Variation j 

i' 

! Degrees 

1 offree- 
1 ctom 

Sum of 
fKiuares 

Mean 

S(|uare 

Standard 

deviation 

2 

Between blocks 

.39 

160 

1, 919. 04.W 
3, 767. 2R20 

49.2063 

23.M53 

7.0147 

4.8523 

} 0.3(i85 

Within blocks 

Total- 

' 199 

6.686. 2976 

28. ,3744 

5.345.3 




There are now only 199 degrees of freedom attributable to total 
variation, since there are two hundred 3-row plots in the entire field 
of 600 single rows 2 rods long. Each block would require 15 rows. 
Thexe woidd be 40 such blocks in the field and these would contribute 
39 degrees of freedom, leaving 1 60 degrees of freedom attributable to 
variation between plots within blocks. 

The observed value of z exceeded the I per cent point and it can be 
concluded that the variance between blocks was undoubtedly greater 
than the variance within blocks. The standard error of a single plot 
W'as here 4.8523 pounds or 9.53 per cent of the mean yield of all the 
central rows in the 3-row plots in the field (50.9215 pounds). The 
standard error was slightly greater than that found in Table 2 because 
of the fact that the size of the blocks had been increased threefold, 
allowing a smaller proportion of the total variability to be attributecl 
to variation between blocks. 

The 600 small plots in the field (Table 1) could be combined in 
various ways to fc/rm plots of varying size and shape. On the basis 
of 5 plots per block, it is possible to consider hypothetical plots 1,2, 
3, 4, 6, and 12 rows wide and 2, 4, 10, and 20 rods long. Plots of 3 
or more rows each could be harvested entirely, or the central row or 
rows alone could be harvested, discarding one border row on each side 
of the plot. Using these combinations, the entire field is considered 
each time in studying the variance between plots. In Table 4 is given 
the standard error in percentage of the mean for these combinations. 
(• i 

Table 4 . — Standard errors, in percentage of the mean, of yields of plots i'arying in 

size and shape 


ENTIRE PLOT UARVK^liKD 


l.«ngth 
of luot 

Standard deviation of.jields (i)er cent) for plots 
of indicated width (rows) 

1 

2 ; 

6,77 

5.79 

4.72 

4.14 

3 

4 

6 

12 

Rods 

2 

4 

10— 
20- - 

0.16. 

7.42 

8.79 

4.89 

'• 6.00 
,5.88 
4.42 
t.60 

6.27 

5.49 

4.01 

4.55 

6.33 

5.75 

5.24 

4.90 

5.05 ^ 
3.48 
3.86 
3.24 

CENTBAL ROWa SABVB8TED 


2 



9.58 

8.1i5 

6,21 

6.7d 

11 

4.71 

4.83 

7.84 

6.48 

6.08 

5.77 

5.18 V 
4.68 
4.W 
3.92 

4. . 



10— 



20 
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The data from entire plots harvested will be eonsidered first. In 
l^eneral the standard error, in percentage of th(* mean, decreased with 
increased size of plot, which was to be expected. Increasing the width 
of the plots from one row to tw'o resulted in a very ])ronoun<*.ed 
reduction in the standard error. Further increase in wddth of plot 
resulted in but slightly increased accuracy until tlie 12-ro\v plots w^ere 
reached. The standard eiT(»rs for 6-row" plots of varying length were 
greater than for 4-row^ or l?-ro\v plots and even greater than for 2-row' 
plots for the 10-rod and 20-rod lengths. Soil heterogeneity on this 
field apparently w^as of such a nature that O-row plots were an unde- 
sirable width. That the fertility contour lines of the field were such 
as to render 6-row plots undesirable wdll be shown later. 

Increasing the length of rows from 2 to 4 rods resulted in greatly 
reduced standard errors. Further increase in length of plots to 10 
rods reduced the error further, but not in proportion to the gjvater 
area of land used. Still further increase in length of plot to 20 rods 
resulted in but slightly reduced standard errors and ii(»t at all in pro- 
portion to the area of land recpiired. In the 4-row' ]dots the staruiard 
error wuis greater in ])lots 20 rods long than in plots 10 rods long. 

Harvesting only the central row' or row's from plots 3, 4, (), Und 12 
rows wide gave stamlard errors greater tha,n when the entire ])lots 
were liarvested, which was to be expected. In the case of 3-roW' plots 
only one-third of the entire plot w-ould be harvested, in the 4-row' 
plots, one-half would be harvested, etc. Increasing the length of 
])lot reduc(»d the standard error in essentially the same ratio as wdien 
the entire idot was harvested. Increasing tlio width of plot and dis- 
carding border rows reduced the standard error more rapidly than 
when the entire ])lot was harv('sted, because of the fact that the per- 
centage of the j)lot actually harvested inoeased with th(‘ use of wider 
])lots. It is to be exjunded, then, that when border rows are discarded 
plots of certain widths will prove to l)e more eflicient in their use of 
the land than })lots of other widths, and the most efficient plot will not 
necessarily be th<' narrowest. , 

In Tal)le 5 is giveui the number of replications needed to reduce the 
standard error of the jnean to 2 per cent. The standard error of the 
mean of several replications is found by dividing the standard error 
of a single plot by the square root of Ny when N is the number of 
replications. 

Table 5. — Theoretical number of rejdicaiions needed to reduce the standard error of 
the nmm to d per cent 


KNTIHE ri.OT IIAHVKSTKO | 


Niiiiib«r of roplicatioiKs for plols of iruiiciUiMl 

LonRUi 



iiurnlwr of rows 



of 







plot 

1 

2 

3 

4 

ri 

12 

Rods 







2 .... 

21.0 

11.. 5 

9.0 

9.K 

10.0 

0.4 

4 

-W.15 

8.4 

7.2 

7.5 

8.3 

3.0 

JO.,.. 

8.4 

Art 

4.9 

4.0 

rt.9 

3.7 

2(L.-. 

«.() 

4.3 

3.2 

.5.2 

0.0 

2.fi 


CENTRAL ROWS HARVESTKI) 


2 



22.7, 

iri.rt 

13.5 

fl.7 

4 



lrt.rt 

l.h 

10. n 

5.5 

10 



9.0 

5.5 

9.2 

4.1 

20.... 



8.1 

4.7 

8.3 

3.8 
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Table 5 brings out in slightly different form the same features 
apparent from a consideration of Table 4. With a standard error of 
the mean^of 2 per cent the standard error of a difference would be 2 
tiines s/2y or 2.83 per cent. Adopting twice the standard error of a 
difference as a convenient minimum level of significance, a difference 
exceeding cent could be considered significant with the repli- 

cation numbers given in Table 5.^ With 4-row plots, of which only the 
two central rows were harvested, such accuracy could be attained by 
replicati^ the 2-rod plots 17 times and the 4-rod plots about To 
times. The theoretical number of replications (7.5) required for the 
latter size, as given in Table 5, would seem rather too low considering 
the values found for 4-row plots of other lengths. Ten replications 
would seem to be more nearly the correct number. 

•In the analyses of variance leading to the standard errors given in 
Table 4, the varieties within blocks were considered as side by side. 
With 6-row and 12-row plots, other arrang:ement8 within blocks 
might be considered also. Three varieties might be grown side by 
side and the other two end to end with two of the former varieties. 


33 /T 33^ 



Figure i.— A, Block of bwts with 
plots, each 33 by 1 1 feet; B, bl<fck 
in five 12*row luots, each 83 by 22 


33 ^ 33 ^ 



five varieties planted in five iJ-row 
of beets with flve varieties planted 
foot 


Six-row plots would 
then give a block of 
the shape shown in 
Figure 1, A. Twelve- 
row plots would give 
a block of the shape 
shown in Figure 1, B. 

The arrangement 
of the plots within 
these blocks was as- 
sumed to be random. 
For plots 2 rods long, 
the standard errors in 


percentage of the mean were found to be5.46 per cent for the 6-row' plots 
so arranged and 4.87 per cent for the 1 2-row plots. These were some- 
what lower than the standard errors of 6.33 and 5.05 per cent, respec- 
tively, found when the five plots per block w’^ere side by side. In 
general it is to be expected that the more compact the block the greater 
will be the variation removable as variation between blocks, and the 
lower the standard error within blocks. 


In Table 6 is given the efficiency of plots of varying size and shape 
calculated on the basis of variance per unit area of land. Plots 2 
rows wide will require twice as much land as will plots I row wide. 
Plots 3, 4, 6, and 12 rows wide will require a corresponding number 
of times as much land, respectively, as will single-row plots. The 
efficiency of plots of different sizes and shapes in their use of the land 
can then be found by multiplying the variance per plot by the number 
of single rows 2 rods long which go to make up the plot and expressing 
the variance of a single row 2 rods long in percjentage of these vari- 
ances. Taking the variance of single rows 2 rods long as a standard, 
we may determine the efficiency of all other plots in relation to the 
efficienev of this ultimate unit of size. For example, the variance of 
4-row plots 2 rods long (harvested entirely) was 10.3061. Since this 
is tile variance of the mean of four rows^ in the 4-ipbw plots, we multi- 
ply by 4 and obtain 41.2244 as the vanance of a single row in 4-row 
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plots 2 rods long. Dividing the variance of single-row plots 2 rods 
long, 21.9744 (Table 2) by 41.2244, we find that the 4-row plots were 
53.3 per cent as efficient as single-row plots. 


Table 6. — Percentage efficiency in use of land of plots varying in size and shape 



KNTIUE PLOT UAllVKSTEJi 



«indc‘iicy of pltit of iTidicatpfl width 

liUliKthi 

of 


(rows) 



plot 

1 

2 

3 

4 

0 

12 

Hodx 







2 

100. 0 

H8.0 > 

77.7 . 

53.3 

34.9 

27.4 

4 

70.2 

02. 5 ' 

48.2 

35. 2 

21.2 

28.8 

JO , 

50.0 

37. 0 

28.0 

2fi. 1 

10. 2 

9.4 

20... 

.35. 1 

24.5 

21.0 

10.1 

.5.8 

0.7 


(’KNTUAL KOWS HARVESTED 


2 .. .i 



31.0 

31.9 

2.5. 9 

20.2 

* -- ; 


- - _ 

21.2 

3.5. 3 » 

10. 0 

10. 1 

lO---- 




14.0 

19. 1 

7. .5 

8.5 

20 



8.7 


.,2 

4. 0 


Considering the entire plots harvested, the efficieiK^y in use of land 
is seen to decrease with increased size of plot. While the standard 
errors, given in Table 4, decreased in general as the size of plot in- 
creased, the reduction was not proportional to the increased size of 
plot and the result was a j’educed efficiency of the lai'ger plots. 

The most economical size of plot must then be determined from a 
consideration of the relative cost of planting, cultivating, and harvest- 
ing the larger total area needed for large plots, compared with the 
increased cost of planting and harvesting larger numbers of small plots 
ill order to obtain the same standard error. For example, 4-row plots 
2, 4, and 10 rods long utilized the land approximately one-half as 
efficiently as single-row^ plots. If the cost of planting, cultivating, 
and harvesting the 4-row^ plots did not exceed the cost of planting, 
growing, and harvesting one-half that area devoted to single-row 
plots, it would be more economical to use the 4-row width. If the 
reverse were true, the single-row’^ plots w^ould be more economical. 
In general, plots of 6 and 12 rows or plots 10 and 20 rods long would 
not seem economical on this basis. The increased cost due to devot- 
ing more land to the larger plots would probably be greater than the 
slightly increased cost of planting and harvesting slightly larger num- 
bers of smaller plots to obtain the same stani^ai'd error of the test. 

The efficiency of varying sizes and shapes of plots when the border 
rows were removed was of even greater interest. It is seen that the 
4-row plots were the most efficient in use of the land. There would, 
therefore, be no advantage in using 3-row plots. A greater area of land! 
would need to be devoted to 3-row than to 4-row plots to obtain the 
same accuracy in the error determinations. Moreover, greater num- 1 
bers of 3-row plots would have to be planted and harvested. Under 
average conditions the increased C/Ost of devoting more land to 6-row 
and 12-row plots would probably not be compensated for completely 
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by the slightly decreased cost of harvesting a smaller number of 
6-row and 12-row plots as compared with 4-row plots. The standard 
errors for 6-row plots were slightly higher than for 4-row plots. A 
probable explanation of this -will be given later. In general, it is to 
be exi)e<;ted that the standard error per plot will decrease to some 
extent with increased size. It would seem from these data that when 
border rows are removed 4 rows would be the preferable width of 
plot and the length either 2 cn^4 ro^s. 

In order to ])rovidc a graphic illustration of the effect of soil hetero- 
geneity on yield, the contour map shown in Figure 2 was constructed. 
The original yield data given in Table 1 were combined to form (i-i-ow 
plots 2 rods long. 'Fhe field W'as then considered as consisting of 100 
such plots. Assuming the average yield of each plot to be at the 
center, the iioints at which yields were 5, 10, and 15 per cent above 
the mean and 5 and 10 per cent beloW’ the mean were found by inter- 
polation between adjacent plots. Tlie points found in this way for 
90, 95, 100, 105, 110, and 115 per cent of the mean yield of all the 



Fnit'KK 2.— Contour map of wtMjshl of beets from one luindreU 6-row plots, ouch 2 rods long; 
contour lines drawn through points deviuting by —10, 0, -ff), and +!.'» ])er cent from 

the nn*iin weight 

plots were then joined and the contour map shown in Figure 2 was 
constructed. 

It is (juite apparent that the yield varied greatly between different 
plots in the field. That this heterogeneity was systematic to a con- 
siderable extent is also evident. The fertility contour lines were 
parallel to tlie rows to a very pronounced degree. The latter fact 
probablj; accounts for the high error due to using 6-row plots as com- 
pared with other widths, especially when the plots were 4 or more 
rods long. Other plot widths did not coincide so closely wdth the 
inherent soil differences and resulted in lower standard erroi’s. If 
the rows had been planted at right angles to the direction actually 
used, the standard errors between plots would have been reduceil 
materially. The direction of these fertility contour lines could not he 
determined, however, until after harvest. 

ANALYSIS or SUGAR-PERCENTAGE DATA 

Since the 4-r6w plots seemed of greatest interest, particularly when 
the border rows were removed, the standard errors for sugar pejeent- 
age and apparent purity were calculated for this width of plot 'alone. 
Ih Table 7 is given the analysis df variance of sugar percentage for 
4-row plots 2 rods long with only the central two rows harvested. 
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There were five plots per block as before. The actual data from 
which these analyses were made are given in Table 8. 

Table 7. — Analysis of variance of sugar percentage from 4-row plots 2 rods long, of 
which only the central two rows were harvested 


blocks 
Wllhiii blocks. 


Mean Standard 
S(juarc deviation 


Table 8 .— Sugar percentage of a 10-beel sample taken from each of fSOO single-row 
plots 2 rods long, ndlh 22 inches between rows 

I Sugar percentage of lO-lan't sain|)ie from block No — I 



15.28 

14.71 

15. 21 

15.24 

14.85 

14. 43 

14.58 

14.84 

14.55 

15. 17 

14. 24 

14. .53 

14.07 

1.5. 2S 

15.94 

14. 48 

14.01 

14. 48 

15.45 

14.80 

15. 40 

1.5. 17 

15.04 

14. 31 

14.40 

14.38 

14. 97 

14. .38 

14. 40 

14. 84 

14.63 

14.48 

13.90 

14.29 

14.50 

14.5:i 

14.00 

14.84 

14. 50 

13.95 

14.58 

14. 19 

14.48 

14. 70 

14. 43 

14.80 

14.09 

14.61 

14.80 

14.31 

14.80 

14.38 

14.41 

14.92 

14.21 

14. 73 

14.90 

14.43 

14. 80 

14.63 

14.35 

14.05 

15. 15 

14.80 

15.14 

14.60 

14.68 

14.92 

15.47 

14.63 

14.22 

13.76 

14. 92 

14.48 

14.46 

15.01 

14.55 

14.27 

15. 10 

14.82 

14.63 

15. 14 

13.83 

14.58 

14.03 

14.76 

14.99 

14.48 

15.01 

15.41 

14.24 

15. 14 

13. 80 

14.99 

14.97 

14. 50 

14.14 

15.00 

14.85 

14.31 

16.51 

14.70 

14.80 

14.40 

15. 31 

14.53 

13.95 

14.98 

868.62 

861.08 

869.93 

864.78 


H83.09 900.84 8,713.93 
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The observed value of z exceeds the 1 per cent point, indicating 
that a significant gain has resulted from eliminating the variability 
between blocks. The standard error between plots within blocks was 
0.5078, or 3.50 per cent of the mean siigar percentage (14.5154), on 
the basis of a single 10-boet sample per plot. 

In like manner the standard error between plots within blocks for 
similar 4-i’ow plots 4, 10, and 20 rods long, on the basis of a single 
10-beet sample per 2 rods of plot, was found to be 0.3971, 0.2356, and 
0.2118, respectively. This would indicate that the variability in 
sugar percentage was reduced considerably by the increased size of 
sami3le from the longer plots. The standard error of sugar percentage 
within plots would be influenced by the size of the sample taken. The 
standard error of the mean sugar percentage between ])lots could be 
reduced by both replication and size of sample per plot. Both must 
be considered in deducing the total number of beets per plot necessary 
for sugar determinations and the number of replications needed in 
order to reduce the error to a given level. A more complete discussion 
of this has been given previously.*^ An approximation to the sam- 
pling error may be obtained from the variance between the two rows 
sampled in each 4-row plot. Such an analysis of variance is given in 
Table 9 for plots 2 rods long. 


Table 9. — Sampling error of sugar percentage from plots 4 rows wide and 2 rods 
Umg^ of which only the central two rows were harvested 


Variation 

Doinrecs 
of free- 
dom 

Sum of 
squares 

Moan 

square 

Standard 

devia- 

tion 

Z 

Between plots w’ithiri blocks 

120 ! 

! 30.0512 

0. 2579 

0. 507/< 


Within plots A 

iSO 

2;L 8215 

.15N« 

. 39^-5 


Total within blocks . 

270 

54.7727 

1 . 2029 

j . 4504 









z was greater than the 1 per cent point, indicating that the variance 
between plots was significantly greater than the variance between the 
two rows within the plots. In so far as the variance between two sam- 
ples from adjacent rows within the plots gives the same result as 
would be obtained by taking tw^o lO-beet samples uiiifonnly over 
both rows, the results may be taken as a measure of the sampling 
variance within plots. The variance between rows within plots on 
this basis could be reduced in direct proportion to the size of sample. 
The difference between variance between plots and within plots 
(0.2579 — 0.1588 = 0.0990) would measure the response due to inherent 
soil differences between plots and could be reduced by increased 
replication alone. Sixty-two per cent (0.1 588-+- 0.2579) of the vari- 
ance between plots, therefore, was due to sampling error. A study 
was made previously^® with individual sugar analyses on 10 beets 
taken from each 2-rod plot from rows 14, 18, 22, 26, 30, 34, 38, 42, 46, 
and 50. (Table 8.) The present study covered a greater area and was 
made on bulk analyses of 10 beets instead of 10 individual analyses 
on as many beets. A comi)arison of the results might be of interest, 
however. In the study on individual beets the variance between the 


iMKER, F. R. Op. clt. (Pootooto 6.) 


» Immbr, F. B. Op. cit. (Footnote 5.) 
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means of 4-row plots (only one row sampled) was 0.2925, the variance 
within plots (single rows) was 0.2137, and the total variance within 
blocks 0.2202. The data from the present study (Table 9) compared 
quite favorably with those results, considering the difference in area 
covered l)y the experiment, as well as the other modilications. The 
variance obtained in the present study from bulk analyses on 10 beets 
when these were ground up entirely was slightly lower than the 
average of 10 single beet analyses from borings through the center of 
the beets. It would seem, then, that the studies on size of sample 
made previously probably gave a conservative estimate of size of 
sample needed to reduce the standard error of the mean to a given 
level. 

In Figure 3 is given the sugar-percentage contour map of the plots 
considered in Figure 2. The contour lines were drawn through the 
points where the sugar percentages were 90, 98, 100, 102, 104, and 
100 per cent of the mean sugar percentage of all the plots. The 
points used in drawing the lines were found by direct interpola- 



FKsrKK 3.— roiiloiir map of sugar pon^entagfof Iwfts from on« hundriMl ()-n)w mcli 2 rods 
long; uontour lines drawn through points deviating by -4, ~2, (), +2, +4, amt +« percent from 
tile iiieau sugar p(>rcenlnge 


lion, as described for the yield contours in Figure 2. The original 
data are given in Table 8. 

These contour lines also ran parallel to the direction of the rows, 
as found for yield, to a pronounced degree but not to the same extent, 
especially toward the right-hand side of the field. The sugar-per- 
centage contours did not parallel the yields to an appreciable degree. 
The only similarity lay in the general tendency for plots giving high 
yields to have slightly higher sugar percentages as well, and vice 
versa. The actual regression of sugar percentages on yield and the 
tendency for soil heterogeneity to affect yield and sugar percentage 
independently will be given later. 

ANALYSIS OF APPARENT-PURITY DATA 

The analysis of apparent purity (expressed in per cent) for plots 
4 rows wide, with only the central two rows harvested, can be made 
in a manner identical with that used for sugar percentage. The 
actual data from which these analyses were made are given in Table 
10. Such an analysis of variance for plots 2 rods long is given in 
Table 11. 
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Table 10. — Apparent purity percentage of a lO-heet mnvple taken from each of 6(X) 
aingle-row plota roda long, with 22 inches between rows 


Row No. 


ApiJfirent purity ])«>rciu)tago of 10-bt*t»t snniiile from block No.— 


Total 

1 


* 

4 

5 

6 

7 

1 

1 

10 

1 

85. 4 

i 

1 84. 8 

81.0 

84.8 

8.3.6 

81.0 

! 82.3 

85. 5 

' 84. 2 

86.8 

840. 3 

2 

84.6 

84.8 

! 86. 1 

82.0 

82.8 

87.0 

1 8.3. 4 

84. 8 

85. 8 

84.6 

846. 5 

3... 

84.7 

83.0 

85.7 

81.4 

8:1.9 

86.0 

1 84.2 

82.2 

! 85. 4 

85. 5 

842. 0 

4-_ 

84.3 

83.0 

88.4 

82.0 

81.5 

84.8 

85. 2 

80.4 

85. 8 

8:i.9 

840.2 

5-- „ . . » 

86. 5 

83.8 

84.2 

84.4 

82.3 

8:1.0 

87. 2 

84.8 

85. 0 

86. 1 

847. :i 

fi... 

86.3 

81.1 

85. 8 

80.8 

86.3 

86. 1 

s:i.9 

84.4 

88. 3 

84.9 

847.9 

7 - 

86.4 

84.2 

80.5 

84.0 

81.4 

84.6 

83. 0 

85. 9 

89.2 

84.4 

H4:i. 6 

8 

84.7 

82.4 

84.1 

84.6 

85. 1 

84.0 

85. 2 

85. 8 

8:i. 3 

82. :i 

842. 4 

9 

80.7 

79.6 

80.4 

80.8 

82.2 

85. 3 

81.8 

SO. 9 

85. 7 

87.4 

833. 8 

JO 

80.8 

82.7 

85. 8 

81.0 

82.9 

8:i.o 

85. 7 

79. 6 

85, 2 

86. 9 

834. 5 

11 

81.7 

77. 7 

8(5.0 

84.7 

81. 1 

70.0 

84.9 

84.6 

89. 1 

87.0 

8:15. 8 

12-- 

85. 6 

84. 2 

83.0 

86.5 

8.3. 3 

85. :i 

85. 2 

8;i.7 

85. 4 

87.9 

851.0 

13 

84.2 

86.2 

70.9 

8(5. 2 

. 82. 8 

81.7 

K1.6 

80.8 

85. 1 

88.2 

8,38. 7 

14 

85. 4 

84.4 

85. 4 

83.0 

83.8 

8.3.3 

86.4 

84.3 

88.0 

81.0 

845. 9 

I.*) 

82.8 

82. 1 

88.5 

82.2 

83.4 

84.1 

82. 5 

86. 0 

85. H 

80. 1 

s:i7.8 

Hi-- 

87. 3 

84. 0 

80.5 

84. 1 

86. 9 

8.3. 0 

8:1.7 

84.8 

87.9 

85.8 

848. 0 

17.. .. 

86.8 

84.0 

83.8 

8:1.7 

84.7 

84.0 

84.7 

87. 5 

80.7 

86 1 

846. 9 

18 . 

79.0 

70.8 

84.4 

8:1.8 

84.6 

82.6 

8:1.2 

82. 2 

81.0 

79. K 

821.3 

19 ... 

84.2 

s:i.8 

87. 1 

84.8 

88. 1 

81.0 

83. 0 

86. 2 

hi. 6 

84.3 

848.0 

20 

82.8 

87.4 

84.8 

85. 2 

8:1.4 

82. 2 

85. 8 

87. S 

86.4 

86. 2 

8.52. 0 

21. 

8:1.7 

8:i. 0 

84.6 

86.4 

8,5.8 

85. 6 

83. 3 

85. 9 

84.9 

81. 2 

844.4 

22 

86.6 

84. 1 

82.3 

87.9 

00.2 

87.0 

8:1.4 

85. 7 

S6.N 

82. 9 

8.56. 9 

23 

83.3 

8.5.7 

83. 0 

84.2 

82. 5 

8.3. :i 

79.9 

84.3 

87.0 

SI. 9 

8.39. 0 

24 . . -. 

86. 5 

8(5. 0 

«:i.8 

81.6 

84.4 

84. 1 

85. S 

84.3 

S.5. 1 

84.9 

S17.4 

2.') .- 

84.7 

81.5 

80.3 

82.0 

87.2 

84.8 

82. 8 

8.5, 6 

86. 3 

81.2 

846. 3 

2fi 

8:1.8 

8:1.8 

83. 1 

85. 5 

h:i.3 

84.0 

85. 7 

87.4 

84.2 

87.8 

848. 6 

27 

85. 7 

80.2 

86.7 

87.5 

8:1.6 

86.0 

87. 1 

85. 5 

87.6 

87. .3 

8.57. 2 

28 

85. 5 

8:1.4 

8.3. 3 

83. 1 

8:1. 1 

86.5 

84.6 

85. 8 

88.9 

85. 7 

849.9 

20 

85. 1 

84.3 

83. 1 

8.3.7 

8:1. s 

82.4 

84.9 

83.8 

84. 5 

8.5.4 

841.0 

30 

80,7 

83.0 

86. 7 

85. 5 

84.2 

84.2 

83. 9 

8-1.8 

85. 3 

HS. 5 

847.7 

31. . 

84.8 

86.4 

87.3 

84.7 

87.0 

87.6 

83. 3 

86.4 

86.7 

87. 1 

861.3 

32 

84.7 

84, 0 

82.3 

84.0 

82.7 

83.9 

84.8 

83.7 

86. 9 

87. 5 

845. 4 

33 

85.4 

88.8 

84.8 

86.1 

81.9 

86.3 

87.1 1 

8.3. 1 

87. 5 

87. 1 

858. I 

34 

85. 8 

87.0 

86.0 

87.6 

86.4 

84. 9 

84.7 

8:1.6 

82 9 

85. 5 

855. 3 

3f> 

86.2 

84.0 

85.3 

86. 3 

85. 8 

84.8 

86.1 

82. 6 

86. 2 

86. 3 

8.5;i. 5 

36 . , .. 

84.1 

87. 2 

79. 6 

‘ 86.5 . 

81.4 

85. 1 

83.2 1 

1 83. 3 

89. 6 

81.6 

841.6 

37 

86.8 

85. 8 

85. 2 , 

i 83.2 

8.5.2 

1 8.5. 8 

8*1. 5 

81.4 

83. 6 ; 

87.4 

848. 9 

38 

86.4 

8:i,7 

86. 8 

1 86. 6 , 

84. 1 

' 86.8 

84.4 1 

86.5 

8.5.4 1 

86. 7 

S.57. 4 

39 . . , . , 

87.0 

84.3 

8:i.6 , 

83,7 ! 

■ 82.0 

1 80. 1 

83.9 ! 

82. 3 

89.2 1 

87. 5 

844. 5 

40 

85. 1 

85.6 

85. 5 i 

85. 6 , 

8,5.0 

' 86.2 

8.5. :j 1 

87.2 

88.2 i 

8:1.2 

8.57. 5 

41 

84. 6 

84.3 

84.1 ; 

86.2 . 

85. 0 

86. 4 

84. 1 1 

81.8 

89.6 ; 

83. 6 

8r>:i. 6 

12 . - 

82.7 

85. 1 

81.9 

85. 5 

85. 0 

86.9 

89.1 

84.2 

88.6 1 

KI.6 

851.5 

43 

8:1.3 

85.8 

83.8 ! 

82. 5 

8.5.4 

85. 5 

81.4 j 

79. 8 

82. H 1 

83. 4 

8:i:i. 7 

44 

84.3 

85. 0 

84.2 1 

8.5,5 ' 

8;i.i 

82.3 

84.2 ' 

84.6 

89.0 1 

87.9 

8.50. 1 

4.'j 

84.9 

85. 1 

8.5.4 ! 

86.4 : 

84.2 

87.2 

84.2 i 

87. 8 

84.4 1 

89.7 

8.59. 3 

46 

85. 6 

85. 2 

85.6 1 

M.\ ■ 

82.4 

85. 3 

86.8 1 

85. 3 

87.1 . 

85. 2 

852. 6 

47... 

81.0 

88.8 

81.2 I 

H4.7 

85. 1 

82. 0 

81.2 

85. 1 

80. 2 ! 

87.2 

842. 5 

48 

88.2 

85. 4 

86.6 ! 

87.1 ■ 

87.6 

86. 6 

85. 7 ' 

85. 6 

85.6 1 

8,5. 3 

863. 7 

40 

82. 0 

85. 7 

88.6 1 

86. 0 

84.8 

8.5. 0 

85. 7 1 

88.4 

85. 6 

87,9 

8.59. 7 

fiO 

SO. 0 

84.4 

8;i.y : 

86.2 ■ 

85. 7 

84.6 

86. 9 

86.7 

87.3 

89.9 

861.6 

61 

88.4 

84.0 

85. 7 1 

81.4 

8.5.7 

88. 1 

86. 0 

86. 2 

86.2 

84.7 

857. 0 

fi2 

88.8 

85.2 

85.6 

8.5.8 , 

8.5.8 

86.6 

86.3 

86.2 

85. 9 

89.9 

866. 1 

S3 

84.0 

k:i.9 

88.8 

86.7 

85.1 

84.6 

87.4 

8(J.7 

86.8 

89.7 

864.3 

54 

85. 1 

8(5.0 

84.8 : 

85.8 i 

85. 2 

84.2 

86, 7 

85. 0 

85. 9 

88. 1 

8.56.8 

55 

86.6 

86.3 

85.7 1 

8:1.7 1 

87.0 

87.6 

84.8 

86 . .3 

87.7 i 

84.8 

860. 5 

56 

86. 8 

80.1 

84.8 

86,5 . 

87.8 

84.3 

86.4 

84.9 

87.2 j 

88.3 

866. 1 

57 

82. 5 

87.3 

88.1 

8:1.8 ' 

00.0 

8.5. 9 

85. 1 

84.9 

88.3 ■ 

1HI. 0 

866. 7 

58 

80.3 

87.7 

87.9 

84.2 ; 

8.5.0 

84.1 

86.3 

88.1 

84.4 i 

86.8 

855. 7 

59 . 

85. 2 

84.5 

80.6 

89.3 i 

81.8 

86.6 

8:1.9 

86. H 

87.1 ' 

88.8 

860.6 

fM) 

89.0 

85.5 

83.0 

8,3. 7 1 

84.4 

87.5 

86. 6 

88.0 

84.5 1 

88.8. 

861.0 

Total... 

5.095.9 

5,072.6 

5, (186. 7 1 

5,079.4 j6,()74.» 

.5.08.5.9 

5,082.4 

.5,090.8 

.5,169.8 |.5, 150.5 

50,088.0 


Table 11. — Analysis of variance of apparent purity from 4-row plots 2 rods long, 
of which only the central rows were harvested 


Variation 

T>e<nTK» 
of free- 
dom 

Sum of 
sfpiares 

Mean 

H(iuarc 

.Standard 

deviation 

z 

Between blocks 

20 

302.3.527 

10.4200 

8.2289 

1 0.3041 

Within blocks 

120 

.568. 7860 

4. 7300 

2. 1771 

Tcital 

149 

871.1387 

6.8466 

2.4180 
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Tho observed value of oxe.eeded th(* 1 y)cr cent point and was 
undoubtedly significant. The standard error between plots within 
blocks was 2.1771, or 2.50 per cent of the mean apparent punty 
(S4.9815), on the basis of a single 10-beet sample per plot. This is 
somewhat lower than the standard error calculated from the sugar 
percentages (3.50 per cent) on the same plots. 

The standard errors between plots within blocks for plots 4, 10, 
and 20 rods long, on the basis of a 10-beet sample taken from each 
])lot 2 rods long, were found by similar analyses of variance to be 
1.0051, 1.0071, and 0.7S75 j)er cent, respectively. These variances 
decreased juarkedly with increasing size of sample from the longer 
plots. 

A direct comparisiui may now be given of th(» standard errors within 
blocks for yield, sugar p(‘rcentage, an<l a[)par(mt purity for 4-row 
plots 2, 4, 10, and 20 rods long when only the central rows were 
harvested. Tlie yields were obtained from all the begets harvested, 
and the sugar and ])iiritv i)erceiitages on the basis of a 10-beet samyile 
y)er 2-rod plot. Expressing these in f)ercentage of the mean we 
obtain the results given in Table 12. 

Tahi.i*: 12 . — SliiHilanl I'rror.'t, hi iHrtnitatjr of Ihv niroii, of n'nhl, miyor iwnvnlagv^ 
oiul opfinrciit purihi for .^-rotr jt/olff of four IvuylliH, of which only the vcnirol 
roicH were horrcf^Uul 


Staiulanl error of - 


! of plot 

! 


Violil 


Su^'{lr 
perron f 
UKo >' 


.Appurml 
‘ purU\ >' 


/{(hIh 

2 

-J . . 
10 . 
20 . 


Per cent j PfTCtnl 
h. i:» i 3. r»o 

5. 40 1 2. 74 

4.71 i 1.02 

4.33 I 1.40 

I 


lUr vent 

I! 00 
1.20 
.03 


" ('iik’uhiP'il from lolal nuinlu'r of bri*ls har\o.steil on plot. 
(':iIouluti.'<I on ha.'ii.s of a lO-heel .sample per 2-roil plot. 


Ayiparently weight. Avas more variable than either sugar jiercentage 
or apparent purity, even when the latter was obtained from a lO-beet 
sample per plot and the former from the entire [)lot. I'lu' standard 
errors for sugar percentage and ayiyiarent purity were reduced in 
almost direct proportion to the increased size of sample taken from 
the longer plots and were not greatly affected by sampling over 
greater areas. 

An approximation to the sampling error for apyiarent purity Jnay 
be obtained in the manner suggested for sugar percentage. (Table 9.) 
Such an analysis of variance is given in Table 13. 

Table 13. — Sampling error of apparent purity from /rrow plota i rods long, of 
which only the central rows tvere harvested 


Variatiou 


! Di'Kroes 
i of freo- ; 
! iloni I 


Sum of 
sijuan's 


Monn 

S(iuiiro 


Stiiudaul 

(li’vialioM 


z 


Between i)lots within blocks. 
Within plots. 

Total within blocks.,.. 


270 


52A.9fi00 


1,094.7400 


4. 7399 
3. .''>004 
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The observed value of z (0.1507) exceeds the 5 per cent point 
(0.1417) but not the 1 per cent point (0.2002). The two variances 
may, therefore, be considered as probably significantly different. 

As an approximation to the sampling variance for apparent purity 
in plots 2 rods long, we may use 3.5064. This is on the assumption 
that the variance actually obtained from two 10-beet samples taken 
from adjacent rows within the plots would be very nearly the variance 
of two 10-beet sanmles where each was taken from both rows in a 
random manner. This variance would then be a measure of the 
sampling error and could be reduced by increasing the size of 
sample. The difference between the variance between plots and 
that within plots (4.7399-3.5064 = 1.2335) would measure the 
variance due to soil differences between plots. This latter variance 
could be reduced only by increased replication. Approximately 
3.5064-^-4.7399, or 74 per cent of the variance between plots, was 
due to sampling error. Both variance within plots anci variance 



]<itiURE 4.— (/ontour map of appareut purity of beets from one hundred 0-row idots, each 2 rods 
long; contour lines drawn through points deviating by -.3, -2, -1, 0, +li +2, +3 i)er cent from 
the mean apparent purity 


due to inherent soil differences between plots must be considered in 
estimating the value of replication and size of sample to reduce the 
standard error of the mean to a given level. Since the standard 
error for sugar percentage in percentage of the mean was greater 
than for apparent purity, it would follow that the standard error for 
purity would usually be lower than for sugar percentage with the 
same size of sample. 

In Figure 4 is shown the same type of contour map for apparent 
purity as was given for weight and sugar percentage. These con- 
tour lines were drawn through the points at which the purity was 
97, 98, 99, 100, 101, 102, and 103 per cent of the mean. 

The contour lines bear a marked similarity to those for sugar per- 
centage but not to those for yield. In general, the areas of high 
sugar percentage were also high in purity of juice and vice versa. 
Some exceptions are noted, however. Apparently the field was quite 
heterogeneous for weight of beets, sugar percentage, and apparent 
purity. While the two latter bear a distinct relationship to each 
other, there are marked differences in certain areas. 
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REGRESSION OF SUGAR PERCENTAGE ON YIELD AND OP APPARENT PURITY ON 
YIELD AND ON SUGAR PERCENTAGE 

Calculations were made for the linear regression coefficients, 
within plots, of sugar percentage on yield and of apparent purity on 
yield and on sugar percentage for 4-row plots 2 rods long with only 
the central rows harvested. The regression coefficient expresses the 
expected value of the dependent variable on the basis of its relation- 
ship to the independent. These may he summarized as follows: 

Regrpssion copfllc'it'iit 


UcKression (per eent) 

Sugar percentage on weight -0. 020753 

Apparent purity on weight — . 067567 

Apparent purity on Hugar percentage 3. 334299 


The significance of the regression coefficients was tested by the 
method proposed by Fisher.’^ The regression of sugar percentage 
on weight of beets was probably significant. The z test showed that 
the difference between the variations due to linear regression and to 
departure from regression exceeded the 5 per cent point but not the 
1 per cent point. It may be concluded, therefore, that weight prob- 
ably affected sugar percentage significantly when the relationship was 
determined within plots. The negative regression of purity on 
weight was not significant. The observed z value did not exceed the 5 
per cent point in the latter case. The regression of apparent purity 
on sugar percentage was highly significant. 

The regression eej nation may be used to express the estimated 
value of the de])endent variable in relation to the independent 
variable. This is given in the case of regi*ession of sugar percentage 
on weight by __ 

Z=i 1 h (w — w), 

where Z (Zucker) is the estimated sugar percentage and i and w are 
the means of sugar percentage and weight, respectively, w is any 
observed weight, and b is the regression coefficient. Letting P 
represent apparent purity, the different regression equations may be 
expressed as follows: 


KegroK.sion Regression ofiuatinn 

Sugar percentage on weight. - 2^=15. 5646—0. 020753 w 

Apparent purity on weight P—88. 2734”- . 067567 w 

Apparent i)urity on sugar percentage P—36. 4588 + 3. 334299 z 


In these equations w and z represent any observed value of weight 
and sugar percentage, respectively, obtained in the experiment. 

The intr^ilot correlation coefficients may he given also, for con- 
venience. The significant coefficients are in italic. If the regression 
coefficients are significant, it follows that the correlation coefficients 


must be significant also. 

('’orrelatioii corr«lation 

Sugar percentage and weight —O- 

'Apparent purity and weight. — — • 1210 

Apparent purity and sugar percentage - - 7096 


There was little relationship between weight of beets and cither 
sugar percentage or apparent purity. Sugar percentage and apparent 
purity were highly correlated, as would bo expected. 


nFiBHER, R. A. op. cit. (Footnote 10.) 
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The linearity of regression of sugar percentage on weight, apparent 
purity on weight, and apparent purity on sugar percentage was 
tested. The regressions were found to be linear. 


VARIATION IN SUGAR PERCENTAGE AND IN APPARENT PURITY WHEN THEIR 
REI^TIONSHIP WITH WEIGHT AND SUGAR PERCENTAGE, RESPECTIVELY, IS 
HELD CONSTANT 


It would seem of interest to determine the variability in sugar 
percentage between plots after correction for regression of sugar 
percentage or weight within plots. The sum of scpiares of sugar 
percentage between plots after such correction would be given by 


S{{z—zy — 2h (w-w) (z — z)-^ h'^{w — wY]f 

where S' represents summation, ( 2 — i) and (w—w) represent, respec- 
tively, any observed deviation of sugar percentage and weight 
between plots from their mean, and b is the regression coefficient of 
sugar percentage on weight within plots. Comparing this quantity 
with the departures of sugar percentage within plots from regression 
would give an exact test of the significance of variation in siigar 
percentage after correcting for its rdationship with weight. 'The 
analysis of variance is shown in Table 14. 


Table 14. — Test of varinhilily of svgar percentage between plots apart from its 
relationship mth weight 


\’ttrlttUon 

“dom' 1 

1 

Mran 

vscpiarp 

Slancltmll 
deviation j 

Bctwt'cn plots, ('orrwtort for weip:ht 

149 i 7».yi72 

149 j 2:^. (K)54 

0.4991 
. if)r)0 

'1 

0.7043 ‘1 
.3937 J 

1 

l)rparture from n!gn's.sioii 

t 


The observed value of z exceeds the 1 per cent point, and it is con- 
cluded that the sugar percentage varied significantly a|)arl from its 
relationship with weight. In fact, the variance between plots after 
correction for weight (0.4961) was 9.5 per cent greater than the 
variance without correction (0.4529). An explanation for this is 
found in the fact that the regression of sugar percentage on weight 
within jjlots was negative (- 0.020753), while the sum of products, 
(s-i)], between plots was positive (95.9203). 

The variation in apparent purity apart fwm its relationship with 
sugar percentage should prove of interest, since these two characters 
are highly correlated. The analysis of variance is shown in Table 15. 


Table 16. — Test of variability of apparent purity between plots apart from its 
relationship with sugar percentage 


Variation 

Degrees 
of free- 
dom 

Sum of 
squares 

Moan 

stiuare 

Standard 

deviation 

t 

Between plots corrected for snifar percentage 

149 

307.36fi8 

2.6609 

1.0330 

} 0.2100 

Departure from regression-- - - - 

HO 

261. 1234 

1.7525 

1.3238 



The observed z exceeds the 1 per cent point, indicating that apparent 
jiurity varied from plot to plot apart from the relationship between 
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apparent purity and sugar jiorcentage within plots. Correction on 
the basis of the regression of apparent purity on sugar percentage 
reduced the variance in apparent purity between plots from 5.846/) 
to 2.0669, or to 46 per cent of the original variance. Therefore 54 
per cent of the variation in apiiareiit purity between plots was due to 
the factors that affected sugar percentage. 

These calculations substantiate the conclusion, arrived at previously, 
that the variation in weight was entirely independent of variation in 
purity and very nearly independent of variation in sugar percentage. 
Sugar percentage and apparent purity varied together to an apprecia- 
ble degree. Slightly more than one-half of the variation in apparent 
purity was due to factors tluit affected sugar percentage as well. 

DISCUSSION 

It would seem, from the data presenled here, that fairly narrow 
])lots, either 2 or 4 rods long, would be the most economical size and 
shaiie to use for agronomic experiments with sugar beets. Some 
modifications would need to be made for certain types of e.xperiments. 
In regions wliere stands are known to be jioor because of unfavorable 
soil conditions, discuises, or insect pests, larger ])lots would seem advis- 
able or re])lication should be increased. 

The standard errors obtained from using plots of varying size and 
shap(‘ ])robably could be considered fairly high estimates of the errors 
to be expected under average conditions. The contour lines for weight 
ran ])arallel to the direction of the rows io a very pronounced degree. 
This would result in an increased estimate of the standard error be- 
tween i)lots. Under average conditions these contours probably 
would not parallel the direction of the rows to the same degree. The 
same was true of tlie sugar- percent age contours and, to a slightly less 
degree, of the ap])arent-purity contours. The estimates of the error 
between plots were ])robably slightly above that expected under 
average conditions, assuming enviromnental conditions similar to 
those of 19:i(). 

The linear regression of sugar ])ercenlage on weight, for individual 
beet analyses, was found in a previous study to be expressed by 
the equation _ 

0.589375 (w-w)y 

where w was tin* weight of a single beet. A 1 -pound increase in 
weight would then mean a reduction of 0.59 per cent sugar. In the 
present study the regression of sugar percentage on weight w^as 
expressed by the equation 

5- -0.020753 (w-w)y 

where w was the weight of a single-row plot 2 rods long. Each such 
plot contained a maximum of 33 beets. An average increases of 
1 pound in weight per beet would mean a decrease of 0.6S per cent 
sugar (33 times' -0.020753), wrhicb is in fairly close agreement with 
the value found for the individuals. The regression of sugar per- 
centage on weight was not entirely linear in the case of the individual 
beet analyses.'® The quadratic regression showed that a unit increase 


iMMER, i\ R. Op. cit. (Footnote 5.) 
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in weight did not result in as great a reduction in sugar percentage 
among the smaller beets as among the larger. One would expect, 
therefore, that when the sugar percentage was determined from bulk 
samples of entire beets the larger beets would contribute a greater 
quantity of juice of lower sugar content and a higher regression 
coeflficient would be obtained. Such was actually the case. 

The variability in sugar percentage between plots could not be 
reduced by means of the regression of sugar percentage on weight. 
Such regression was negative within plots and positive between 
plots. The variability of apparent purity between -plots could be 
reduced 54 per cent by holaing constant the effect of sugar per- 
centage on purity. It would seem, therefore, that differences in 
apparent purity between varieties or treatments, apart from the effect 
of sugar percentage, could be determined with a high degree of accu- 
racy. The general method of determining the variation in sugar 
percentage and apparent purity apart from their relationship with 
weight and sugar percentage, respectively, would seem to be ex- 
tremely valuable in agronomic experiments with sugar beets. 

SUMMARY 

Studies of size and shape of plot in relation to field experiments 
with sugar beets have been made, and the relationship determined 
between weight, sugar percentage, and apparent purity. 

Standard errors, expressed in percentage of the mean, decieasiul 
in general with increased size of i)lot. An explanation is offered to 
account for a greater standard error from 6-row plots than from 3 or 
4-row plots, when the entire plot is harvested. 

Efficiency in use of land decreased with increased size of plot when 
the entire plot was lyirvested. When the border rows of the plots 
were removed, 4-row plots were most efficient. 

Weight of beets was significantly correlated (negatively) with sugar 
percentage, but not with apparent purity. Sugar percentage was 
highly correlated (positively) with apparent purity. Intraplot 
regression and correlation coefficients w’^ere given. 

Contour maps for weight of roots, sugar percentage, and apparent 
purity were drawn from data on one hundred 6-row plots 2 rods long. 

Sugar percentage varied significantly from ^ot to plot apart from 
its relation to weight. Fifty-four per cent of the variability in 
apparent purity between plots was due to factors that affected sugar 
percentage as well. 

The sampling error was calculated for sugar-percentage and appar- 
ent-purity determination for 4-row^ plots 2 rods long. The maimer 
in which the standard error between plots may be reduced by replica- 
tion and size of sample has been demonstrated. 


u.s. 


'ICE: I8SE 



JOimO FAGRICllTDRAL RESEARCH 

VoL. 44 Washington, D. C., May 1, 1932 No. 9 


METHODS OF DETERMINING BOUND WATER IN PLANT 

TISSUE* 

By J. D. Sayre 

Physiologist i Division of Cereal Crops and Diseases, Bureau, of Plant Industry^ 
United States Department of Agriculture 2 

INTRODUCTION 

As a part of the research on the physiology of corn which was started 
when the European corn borer invaded Ohu), a study was made of the 
water content of different varieties of corn. This study included an 
attempt to find out the different ways in which water was held by the 
(*.orn plant. In these studies, measurements were made of the amount 
of water removed from the tissues bv pressure and the amount of 
bound water in the expressed sap. These measurements were sug- 
gested by the work of Newton and Gortner il7y and Newton {16) on 
winter hardiness in wheat. 

Unsatisfactory results were obtained in tiie measurements of the 
bound-water content of expressed sap from corn tissue by the cryo- 
scopic iiiethod used by Newton and Gortner (17). Some determina- 
tions indicated no bound water in the sap; others showed a small 
percentage of bound water but satisfactory checks could not be 
obtained. These results were contrary to expectation, since the sap 
from leaf tissue was found to contain 4 to 0 per cent of colloidal 
material, largely proteins. 

Before continuing work on the water content of corn, it was neces- 
sary, therefore, to test this method further, to try out other methods 
that had been suggested, and possibly to devise new ones; in other 
words, to make a critical study of methods used in determining 
bound water. Only those methods that appeared to be best suited 
for measuring bound water in plant tissues and in plant saps were 
considered. 

DEFINITION OF BOUND WATER 

A satisfactory definition of bound w^ater can hardly be made. All 
water that is not free water, that is, that does not show some of the 
common properties of liquid water, may be considered as bound water. 
Foote and Saxton (S, 6) recognize free, capillary or adsorbed, and 
combined water in such substtinces as lampblack, silica, alumina, and 
ferric oxide when mixed wdth water. They base their (tonclusions on 
the results of dilatometer measurements of the amount of w^ater that 
will change to ice. Bouyoucos {!), also using dilatometer measure- 
ments, classified the water in certain soils as free and unfree. He 
states that unfree water may be either capilhiry adsorbed or combined . 

> Km'ived for publicHtion Ov.t. 29, 1931; issatwl May, 1932. lnv«stlKnticMis toudiictod in cooperation 
between the Division of Cereal Crops and Disea-scs, U. S. Department of Agriculture, and the Ohio Agri- 
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Newton and Gortner (17) divide the water in plant saps into free 
water and bound water. Their method of determination is based 
upon the assumption that bound water will not dissolve sucrose. 

In plant tissues and in plant saps where there is material in true 
solution, such as sugars and salts, water may be held by hydration 
of molecules and ions and by osmotic phenomena. Maximow 
and Rosa (21) discuss these "forms of water. Gortner (7) considers 
water of imbibition and water that will not dissolve sucrose as bound 
water. Meyer (15) considers water that can not be removed by 
pressure from the tissue after certain treatments as bound water. 
From these examples and from many others that might be cited it 
seems that no single standard has been established and that water 
may be considered as bound when it is held or contained in the material 
in any one of several different ways. 

EVIDENCE FOR EXISTENCE OF BOUND WATER 

There is considerable evidence in physical chemistry for the 
existence of bound water. The hydration of sucrose or the associa- 
tion of a certain number of water molecules with each sugar molecule 
is an example. Philip (19) states that 5 molecules of water are asso- 
ciated with each molecule of sugar, and Findlay (4) and Scatchard (22) 
consider 6 as the correct number. The hydration of sucrose can be 
proved by several separate and distinct methods by which actual 
measurements can be made. All methods indicate that the number 
of associated water molecules is either 5 or 6. Ions also may be 
hydrated. Water held by ions or molecules does not have some of the 
properties ordinarily shown by liquid water, such as vapor pressure, 
osmotic phenomena, etc., and may be considered as bound water. 

Many substances in a state of fine subdivision, such as carbon black, 
silica gel, platinum black, and alumina, have the property of adsorbing 
substances, including water. The adsorbed water may be in a thin 
layer around the particles or in the minute spaces between the par- 
ticles. It is held by veij strong forces and may have properties quite 
different from those of liquid water. Those substances in plant tissues 
and in plant saps which are in a similar state of subdivision may also 
adsorb water. Adsorbed water may be considered as bound water. 

In sols like gum arabic, which do not set to a rigid gel, some of the 
water is associated with the particles, probably similarly to water of 
hydration or adsorbed water. Water so held and also that in rigid 
gels like agar, gelatin, and silica gel and in other similar plant or 
animal products is considered fay Gortner (7) as bound water. Water 
of imbibition held by substances like Laminaria, fibrin, starch grains, 
and mucilages is also conjddered by him as bound water. Changes 
in water content in tfae^e substimces usually are associated with 
viscosity changes. The force required to remove water held by these 
substances is very great. Meyer (IS) measured the water forced out 
of plant tissues by pressure after freezing at —15° to —20° C. and at 
— 67°. He considered that the water forced out without freezing corre- 
sponds roughly to the free water, and that that forced out after freezing, 
together with that left in the tissue, is bound in varying degrees. 

Bound water does not exist in definite proportions relative to the 
solid material of the system, but as a ratio between bound water and 
free water. The ratio may be changed quickly by varying the tempera- 
ture, acidity, surface energy^ presence of electrolytes, pressure, etc. 
Vaiious methods of measurmg bound water have been suggested. 
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This paper reports the results of an attempt to simplify and stand- 
ardize several of those that appear to be best suited for measuring 
bound water in plant tissues and in plant saps, as a preliminary to 
the determination of bound water in com tissues. 

METHODS OF MEASURING BOUND WATER 

In most of the methods so far used, total water and free water are 
measured and the bound water is found by difference, the bound 
water being the water held by the solid part of the material in one or 
more of the several different ways discussed above. 

THE CRYOSCOPIC METHOD 

The cryoscopic method was introduced by Newton and Ciortner 
(f 7). The theory involved is the assumption that bound water docs 
not dissolve sucrose. 

Appahatus and Technic 

A freezing-point apparatus, a refractometer, and some means of 
obtaining suitable samples of expressed sap are necessaiy in making 
determinations on plant material by this method. The writer modi- 
fied the procedure followed by Newton and Gortner {17) and thereby 
shortened the laboratory manipulation but increased the amount of 
calculating necessary. In this modified method ac.curato weighings 
of the liquid and of the sucrose are both eliminated. The amount of 
sucrose added to the licpiid, on which the excess depression of the 
freezing point depends, is determined with the refractometer used to 
obtain the total solid content of the material, as described by Gortner 
and Hoffman {8). 

The modified procedure substitutes one reading with the refrac- 
tometer for two analytical weighings The method is as follows: 
Determine the refractive index and the depression of the freezing 
point of the original liquid; add sucrose to a similar portion, about 3 
g to 10ml; and after the sucrose is dissolved determine the refractive 
index and freezhig-point depression of this mixture. Several readings 
with the refractometer are made on each sample and the results 
averaged, and duplicate freezing-point measurements are made on 
separate portions of each mixture. The refractometer readings are 
corrected to a temperature of 20® C. and also for any difference 
between actual total solid content determined by vacuum oven dicing 
and that indicated by the reading with the refractometer. From 
these data the amount of bound water is calculated by a formula 
modified slightly from the one given by Newton and Gortner (17). 

Determining Amount of Sucrose Added 

The refractometer was first used by Gortner and Hoffman {8) to 
determine the total solids in plant saps. This determination is based 
on the assumption that total solids in the sap have a refractive index 
very similar to that of sucrose. This assumption is true of rather 
dilute sols or solutions of dextrin, starch paste, glucose, fructose, gum 
arabic, and similar compounds, and of many plant saps. Before many 
determinations on any one substance are made, however, checks 
should be provided by vacuum oven drying. In some plant saps 
refractometer determinations are too high. Sap from blade tissue of 
corn gives values from 6 to 14 per cent too high, depending on the 
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season of the year, while readings on sap from stem tissues of the same 
plants agreed almost exactly with the results of vacuum oven drying. 

The amount of sucrose added to a plant sap or to a jjum arabic sol 
can be determined by the increase in refractive index, if the grams of 
total solids per 1 ,000 g of solvent are used instead of the percentages 
of total solids; that is, the grams of total solids per 1,000 g of 
solvent in the original sap subtracted from the grams of total solids 
per 1 ,000 g of solvent after sucrose was added will give the grams 
of sucrose per 1,000 g of solvent which was added. This method is 
the most convenient way of expressing the concentration of sucrose 
solutions when their freezing point is considei*ed. From this value 
the additional depression of the freezing point due to the sucrose is 
detennined and the percentage of bound water in the material 
calculated. 

The refractive index, the percentage of total solids, and the grams of 
total solids per 1,000 g of solvent are given in Table 1. These 
data are based on the refractive indices of sucrose solutions given by 
Browne {2). The grams of total solids per 1,000 g of solvent were 
calculated by simple proportion from the percentages of sucrose 
and the percentages of water. Temperature corrections added to 
all values when readings are made above 20° C. are given in Table 2. 
These data should be put in graphic form to be useful in dcteniiining 
the concentration of the solutions or mixtures. 


Table 1. — Percentage by weighty refractive index, and grams of total solids per J ,000 g 
of solvent of sucrose solutions 


Percentage 
by weight 

Kefrac- 
tive in- 
dex at 
20“ C.'‘ 

(Iranis 
per 1,000 g 
solvent 

Percentage 
by weight 

Refrac- 
tive in- 
dex at 
20“ C. 

drams 
per I.OOOg 
solvent 

Percentage 
by weight 

Refrac- 
tive in- 
dex at 
20“ C, 

drams 
perl, out) 
solvent 

1 

1.8344 

10.1 

15 

1.3657 

176.5 

28, 

1. 3775 

388.9 

2 

1.3350 

20.4 

16 

J.35r3 

190.5 ; 

29 

1. 3793 

408.5 

3 - 

1.3374 

30.0 

17 

1.3600 

204.8 I 

30 

1.3811 

428. 6 

4 

1.3388 

41.7 

18.. 

1. 3606 

219.5 

31 

1.3829 

449.3 

5 - - - 

1. 3403 

.52,6 

, 19 

1. 3622 

234.6 . 

32 

1. 3847 1 

470 6 

0 i 

1.3418 

03.8 

20 

1.3630 

260.0 ’ 

33 .. ! 

1.380.5 I 

492 ! .5 

7 

1.3433 

75.3 

21 

1.3655 

265.8 , 


1.3883 j 

.51.5.2 

8 ! 

1.3448 

87.0 

22 

1.3672 

282.1 1 ; 


1.3902 i 

538. fy 

9 ! 

1.3464 

08.9 

1 23 — - 

1.3689 

298.7 j 

36 

1.3920 

662. 6 

10 ; 

1.3479 

11.1, 1 

i 24 

1.3706 

315.8 ! 

37 

1.3939 

.587.3 

11 

1.3404 

123.6 

: 25 — 

1.3723 

333.3 I 

38... ... 

1.3058 

612.9 

12 ' 

1. 3510 

136.4 

1 26 

1.3740 

3.51.4 

39 

1.3978 

639. 3 

13 ; 

1.3526 

140.4 

i 27 

! 1.3758 

369.9 i 

40 

1. 3997 

660.7 

14 i 

1.3541 

162.8 


1 

!! 


i 



• Eroiri Scht^nrock’s table as given by Browne (f, p. 64). 
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A comparison was made between this method of determining: the 
amount of sucrose added to gum arabic solutions and the method t)f 
actually weighing the solution and the sucrose. The concentration of 
the gum arabic solution was determined with the refractometer and 
enough solution to contain 10 g of water was weighed out in a small 
weighing bottle. To this was added a weighed amount of sucrose. 
After the sucrose was dissolved the refractive index of the sugar-gum 
arabic mixture was determined. The amount of sucrose added was 
found from the two refractometer readings. The comparative data 
from a number of determinations which are given in Table 3 show 
that this method is essentially as accurate as weighing the sugar. 

Table 3 . — Comparison of weighing and ihe refractive index method of obtaining the 
concentration of sucrose added to a gum arabic solution 


(lum 
arabic sol, 
percent- 
age of to- 
tal solids 

(Jum 

arabic 

Uum 
arable 
rilus su- 
cro.se 

Sucrose 
by dif- 
ference 

Actual 
amount 
of sucrose 
added 

Per cent 

G per 

Gper 

G per 

G per 

1,000 

1,000 

\ 1,000 1 

1,000 

9. » 


449.4 

1 342.9 

342.2 

9. (i 

itn. 5 

449.4 

1 342.9 

342. 2 

O.ti 

ICl 5 

448.4 

341.9 

342.2 

1 ».fi 

101. fi 

449.5 

342.1 

342.2 


lo-i. 5 

452.0 

344. 6 

342.2 

9. (( 

lOi. 5 

449.0 

341.0 

342. 2 

Mean. .. 



342. 0 

342. 2 





»,s 

107.7 

210.2 { 

102. 5 

1 100. 0 

y.s 

107.7 

308.0 1 

200.3 

1 2(X). 0 

9.8 

107.7 

410. 9 j 

3o:i.2 

300. 0 


If the refractometer does not give the true measure of total solids 
in the material, the calculation of the results is somewhat more com- 
plicated. The following data, taken from determinations on sap 
from blade tissue of com, illustrate how the calculations are made. 
Kefractometcr readings and the determinations of total solids by 
vacuum oven drying were made on the original sap, and refractom- 
eter readings on the sap after the sugar was dissolved. Exactly 
3 g of sucrose was added to 10 ml of sa]). The results further cor- 
roborate the fact that the amount of sucrose added can be found from 
refractometer readings on the sap. 

COMPARISON OF REFRACTIVE INDEX METHOD AND WEIGHING FOR DETERMINING 
THE AMOUNT OF SUCROSE ADDED TO PLANT SAP 

Refractive Index Method 

Refractijiiieter reading on original sap =1.3604 at 20° C. 

Percentage of total solids by rcfractometcr=17.7. 

Percentage of total solids by vacuum oven =15.1. 

Refractometer reading corresponding to 15,1 per cent total solids = 1.3559 at 20° C. 
Correction to apply to refractometer reading 1.3559—1.3604= —0.0045. 
Refractometer reading after adding sucrose =1.3924 at 20° C. (3 g to 10 ml of 
sap). 

Corrected refractometer reading after adding sugar= 1.3879 at 20° C. 

Grams per 1,000 g solvent corresponding to r = 1.3879=510 
Grams per 1,000 g solvent corresponding to r = 1.3559=178 

Grams sucrose per 1,000 g solvent added 


= 332 
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Weighing method 

3 g sucrose to 10 ml original sap. 

Specific gravity of original sap =1.070 at 20° C. 

3 g sucrose to 10.70 g sap. 

10.70 g sap contain (1.0(M).161) X 10.70, or 9.084 g water. 

3 g sucrose to 9.084 g water, or 330 g sucrose to 1,000 g water. 

Grams sucrose per 1,000 g solvent added =330. 

Detsrmininq Depression or Freezing Point or Sucrose Solutions 

The additional depression of the freezing point of the mixture, due 
to the added sucrose, is proportional to the amoimt of sucrose added. 
Newton and Gortner (17) used 2.085® C. as the molecular depression 
for sucrose, assuming 6 molecules of water of hydration for each mole- 
cule of sucrose. (Data of Scatchard (22).) A number of determi- 
nations were made to check this value, but the observed depressions 
were less than the calculated. 

Table 4 gives the results of a series of these determinations. Each 
of the observed depressions is the average of four separate determi- 
nations on each concentration of the sucrose solution. The values 
calculated on the assumption that a molecular solution freezes at 
— 2.085® C. are given in one column. If both the observed and the 
calculated values are plotted, two parallel lines are formed, that for 
the observed depressions being about 0.037® C. lower than the other. 
This difference may be due to some systematic error in all the freez- 
ing-point measurements, such as the purity of the sucrose used, the 
degree of undercooling, or the calibration of the thennometer. The 
values are very consistent, however, and the same procedure was used 
in making all the freezing-point measurements. These values 
accordingly have been used in this work rather than those given by 
the other authors. 

t 

Table 4. — Comparison of actual determinations of the freezing point of sucrose 
solutions and calculated values of the same solution 


Percent- 
ase of 
sugar by 
weight 

Sucrase 

perl,000g 

of 

water 

Observed 
depres- 
sion of 
freezing 
point 

(Calcu- 
lated de- 
pression 
of freez- 
ing point 

Differ- 

ence 

Per cent i 

Grams 

“ C. 

" r. 

^ C. 

14 

1 162.8 

0.955 

0.002 

0.0.37 

19 

190. 5 

1.124 

1. 161 

.m 

18 

219. 5 

1.292 

1.337 ' 

.045 

20 

1 260.0 

1.485 

1.523 

.038 

22 

282.1 

1.685 

1.719 

.034 

29.5 ! 

! 342.2 

2.054 

2.085 

.031 


The percentages of free water in different concentrations of sucrose 
solutions are given in the following tabulation: 

200 g of sucrose per 1,000 g solvent 94. 6 per cent of free water. 

250 g of sucrose per 1,000 g solvent 93. 1 per cent of free water. 

300 g of sucrose per 1,000 g solvent 91. 7 per cent of free water. 

350 g of sucrose per 1,000 g solvent 90. 3 per cent of free water. 

400 g of sucrose per 1,000 g solvent 90. 0 per cent of free water 

These values were calculated from the molecular weights of water 
and of sucrose and the actual freezing points of the various sucrose 
solutions as given in Table 4. 
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The corrections for undercooling in determining freezing points, 
taken from Harris (P), are included here (Table 5) so that complete 
data will be available for making determinations of bound w^ater by 
the cryoscopic method. 

Table 5. — Undercooling correction factor for freezing-point determinations 


Tenth 

Whole degrees : 

*1 Tenth 

1 

Whole degrees j 

d^rees 

0 

1 

'•! degrees 

2 I; 

0 

1 

2 

0.0 

0.000 

0.087 

o.07.»; 0.5 

0.003 

0.081 

0.068 ; 

.1 1 

.008 

.086 

.973 -> .6 

.002 

.080 

.967 1 

1 

.097 

.085 

.972.1 .7 

.001 

.078 

.966 , 

.3 

.000 

.08.3 

. 971 : .8 

.000 

.977 

.965 : 

.4 1 

! .005 

.082 

.070:1 .0 

.088 

.076 

i .063 ■ 


Calculating Results 

The percentage of bound water in the liquid or solution is calculated 
by a formula similar to the one given by Newton and Gortner {17). 

^2 X per cent bound water 

A2-A1 

A 2 is the depression of the freezing point after adding sucrose. 

Ai is the depression of the freezing point of the original solution. 

Km is obtained from the difference between the two concentrations, 
corresponding to the two refractive index readings (Table 1), 
and the depression of the freezing point of a sucrose solution 
(Table 4.) 

C is the percentage of free water in a sucrose solution of the concen- 
tration used. (Table 5.) 

Inasmuch as exactly 342.2 g of sucrose is not always used. Km 
will not always be 2.085° C., but some other value, depending on the 
amount of sucrose added. C also will vary with the amount of sucrose 
added. These values can best be obtained from graphs of the values 
for various strengths of sucrose approximating molecular concentra- 
tions, given in Tables 1 and 4 and m the tabulation on p. 674. 

Advantages and Disadvantages of the Method 

The advantage of the modified cryoscopic method is that the 
actual laboratory procedure is shortened, although the calculations of 
the results are more complicated. When only a few detenninations are 
to be made, the original method is superior, but when many measure- 
ments are to be made, graphs of the various constants used in the 
determination can be used as an aid in calculation, and the shorter 
laboratory procedure is the more efficient. From six to eight differ- 
ent saps or solutions can be analyzed with duplicate freezing-point 
depression determinations in a half day with this short method. 

The disadvantage of the cryoscopic method is that it can be used 
only with liquid or semiliquid material. This is particularly a dis- 
advantage when plant tissues are being studied, as the amount of 
bound water in the tissue is the most important consideration. 
Furthermore, the method measures only water that is not free to 
dissolve sucrose. If water held by gelatin and agar is considered as 
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bound water, then this method fails to give a real measure of bound 
water, since much of the water held by those substances will dissolve 
sucrose. Gortner (7) has outlined certain other objections to the 
method. It probably gives minimum values for bound water. It 
presupposes, (1) that bound water is not changed to free water by the 
freezing process, (2) that the addition of sucrose does not alter the 
bound-free water ratio, (3) that none of the water that is firmly 
associated with the colloids is free to dissolve sucrose, (4) that there 
is no hydrolysis of the sucrose by acids or by enzymes in the material, 
and (5) that no adsorption of sucrose by the solid matter occurs. 
None of these assumptions is probably entirely correct. 

THE CALORIMETER METHOD 

The calorimeter method was first introduced by Muller-Thurgnu 
{14, 16) and recently has been used by Thoenes (23) and Robinson (30), 
The method is based on the assumption that bound water does not 
freeze. Since free water chancres to ice and it requires 79.75 calories 
to melt each gram of ice while unfrozen water below 0° C. has a 
specific heat of approximately 1.00, the amount of heat required to 
melt the mass of frozen materia] can be used to determine how much 
water was frozen. 

Apparatus and Technic 

The equipment necessary for determinations by this method con- 
sists of a calorimeter thermometer, a calorimeter, freezing tubes 
for the tissue or material, low-temperature thermometers, and a 
freezing cabinet or refrigerator where a temperature as low as — 25° C. 
or lower can be maintained. Quart-size all-steel thermos food jars 
make excellent calorimeters for plant-tissue work. 

In making determinations the material is weighed and placed in 
freezing tubes. The tubes are about 4 inches long, open at both ends, 
and about one-half incJi larger in diameter at one end than at the 
other. This kind of tube is necessaij in order to make a quick transfer 
of the frozen material to the calorimeter without thawing any of it, 
as is likely to occur if the tubes are of uniform diameter. Both ends 
are closed tightly vrith rubber stoppers. The tubes of material are 
placed in a freezing room or cabinet at about —25° C. overnight. 
Before the measurements are made the tubes are taken in the hand 
and the rozen material is thawed around the tube and pushed to the 
large end, where it is not in contact with the wall of the tube. One 
tube has a thermometer in it. When the tubes have come to equilib- 
rium again, as indicated by the thermometer, they are taken one at a 
time and the contents quickly transferred to the water in the calorim- 
eter. The volume of water and its temperature to 0.01° C. are 
known. The tissue and water are stirred until equilibrium is reached 
and the fall in temperature of the mixture is determined. 

Any loss of heat from the calorimeter during the stirring is reduced 
to a minimum by adjusting the temperature of the water in the 
c^orimeter so that the fall in temperature will be about equal on 
either side of room temperature. 'This range can be found out by a 
preliminary determination on similar material. The material is 
stirred steadily until the fall in temperature in the bottle ceases. Finely 
minced or ground material comes to equilibrium much more quickly 
tlian large chunks. The time required to reach equilibrium is only 
a fe# minutes. vSix to eight determinations can be made in an hour. 
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Calibrating the Calortmeteu System 

Although the actual determinations are quite simple, the work 
necessary to calibrate the system and to calculate the results is 
considerable. The factor for the calorimeter system is obtained by 

E utting ice into water in the (mlorimeter and determining how much 
eat is necessary to melt it and raise the temperature of the resulting 
water to the equilibrium temperature of the system. For a known 
weight of ice this amount of heat can be calculated from the latent 
heat of fusion of ice, 79.75 calories, and the specific heat of water. 
Any difference between the observed and the calculated values must 
be due to transfer of heat from the calorimeter system. The quotient 
of these two values gives a factor for converting the observed values 
to the true values for the matexial in the experiments. 

A 25 g sample of the material has been used. By putting about 
25 g of water in the freezing tubes and carrying out the determina- 
tions just as was done with tissue or other material, a factor for the 
calorimeter system was determined which included any error due to 
taking up heat while transferring the material from the freezing 
chamber. Table 6 gives the observed and calculated values of heat 
necessary to melt the ice and warm the water to the equilibrium of the 
system, and the (corresponding factor for the system. This factor 
applies, of course, only to the system of thermos bottle, stirrer, 
thermometer, etc., used in these particular experiments. 


Table 6 . — Determination of the factor for the calorimeter system 


lee used (grains) 

C'alories 
required 
to melt 
ieo and 
warm 
wa(«r to 
Cqtlilili' 
riuni 

Calories 
given up 
by 500 

CO. 

water 
cooling 
to equi- 
librium 

Factor 
for the 
calorim- 
eter 
system 

! 

Ice used (grams) 

('alories 
required 
to melt, 
ice and 
warm 
water to 
e(|uilil)- 
riuin 

('’alories i 
given up | 
by 600 ! 
cc 

water 
cooling 
to equi- 
librium 

Factor 
for the 
calorim- 
eter 
system 

23.00 

2,708.4 

2,587.4 

1.0700 1 

24.05 

2, 774. 8 

2,002.4 ; 

1.0002 

21.40 

2, 481. 7 

2, 317. 7 

1.0708 ! 

22..59 

2,013.5 

2. 442. 0 

1.0700 

24.11 

2, 779. 0 

2,597.4 

1.0701 1 

24.22 

2. 793. 3 

2,017.4 

1.0072 

23.fi« ... 

23 73 

2, 719. 0 
2, 730. 1 
2, 787. J 

2, 710. 4 

2, 542. 5 
2, ,557. 4 
2,012.4 
2, 542. 5 

1.0097 1 
1. 0099 
1.0009 1 
1.0000 I 
ll 

24.10 

2, 77a 9 

2,007.4 

1.0058 

24.20.... 

23.50 

Moan 



1.0084 


Calculating Results 

The fall in temperature of the water in the calorimeter multiplied 
by the specific heat of water multiplied by the volume of water and 
the factor for the calorimeter system gives Ihe total number of calories 
required to melt the ice and warm the water and dry matter of the 
tissue up to the equilibrium temperature. This heat is used in several 
ways: (1) To warm the dry matter of the tissue from its temperature 
when placed in the calorimeter to the equilibriun temperature. This 
amount can be determined from the specific heat of the ma.terial and 
the change in temperature. (2) To warm the water in the tissue from 
the freezmg (thawing) temperature of the tissue to the equilibrium 
temperature. This amount can be determined from the amount of 
water, its specific heat,and the change in temperature. The approx- 
imate freezing point of similar tissue should be known. The determi- 
nations from (1) and (2) are added, and this sum is subtracted from 
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the total number of calories required. The remainder (3) is the num- 
ber of calories required (a) to warm the unfrozen water from its 
temperature when placed in the calorimeter to the freezing (thawing) 
point of the tissue, (6) to warm the ice from its temperature when 
placed in the calorimeter to the freezing (thawing) point of the tissue, 
and (c) to melt the ice. 

The total water in the sample, the latent heat of fusion of ice (79.75 
calories), and the specific heat of water and of ice are known. The 
amount of free or frozen water accordingly can be calculated by simul- 
taneous equations. Letting X^free or frozen water, bound or 
unfrozen water, and total water in the sample, then 

x+r-ir (1) 


Let C be the number of calories required to warm the ice and the 
tmfrozen or bound water to the melting (thawing) point and to melt 
the ice. To is the temperature of the material at the time it was 
placed in the calorimeter, and Ta is the freezing point of similar mate- 
rial. Let 81 be the mean specific heat of ice, and let SBW be the 
mean specific heat of unfrozen or bound water. Then 

[79.75 + {To-T^)\-¥Y [SBW{To-T^)] (2) 


Combining equations (1) and (2) and equating to A^, 


SBW (To-T^) ^ 

or simplifying, 

C-W[SBW(To-T^)] (3) 

“'79.75 -Tf;- T a (SBW -SI)] 

Now, 

C^FNS {T--T,)--[SW(n^Te) + sM{To+T,)] (4) 


where F is the factor for the calorimeter system, N is the amount of 
water used in it (500 ml in this work), S is the mean specific heat of 
water for the temperature range indicated, T is the temperature of 
the water in the calorimeter before the sample was placed in it, Te is 
the temperature in the calorimeter at equilibrium after the sample was 
introduced, s is the mean s})ecific heat of the dry matter of the sample 
for the temperature range indicated, M is the amount of dry matter 
in the samfjle. 

By combining equations (3) and (4) the complete formula becomes: 


^._FNS {T-To)-[8W{To+To)’^8M{To+To)] 
" 1^.1b-[To-T^(SBW-SD] 

Bound water » TF— X 


The individual calculations can be shortened somewhat by solving 
the denominator of the fraction for all values of 2 a used in the 
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investigation, since this does not depend on the size of the sample or 
its water content. Te) + sM {To-^ 2\) can also be shortened 

to SM (ro+ T«). S now is the mean specific heat of the sample and 
M is its green weight. The specific heat of the green sample can not 
be determined for the entire temperature range, To + Te, since ice will 
fonn below the freezing point of the material. It can be determined 
with sufficient accuracy for most work by using the temperature 
range 0° C. to and assuming that it does not change materially 
below 0° C., or it can be calculated from the specific heat of the dry 
matter of the sample. 

Thoenes {23) and Robinson (20) have simplified the formula still 
further by assuming that the specific heat of ice is 0.500 and of water 
below zero 1 .000. The formula that they use is given by Gortner (7). 



Measurements by the Bureau of Standards {8) of the specific heat of 
ice, however, show that the specific heat of ice is decreasmgly lower 
than 0.500 at temperatures much below 0® C. The specific heat of 
water below zero, on the other hand, increases as the temperature is 
lowered. 

Table 7 gives the specific heat of water both above and below 0° C. 
and the specific heat of ice. The values for ice were taken from Dick- 
inson ancf Osborne (S). The values for water above zero were taken 
from the Handbook of Chemistry and Physics {10), They were 
reduced to values at 20° C., to be comparable with ice. The values 
for water below zero were obtained by extending the curve of values 
from 0° to —30° as a straight line, assuming that the specific heat of 
water continues as a linear function of the temperature, as shown in 
Figure 1, no extensive data being obtainable. 
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Table 7. — Specific heat of water and of ice 
[Caloriefsio per gram per degree] 


Temperature 

C.) ^ 

Water 

below 

zero 

Ice 

W’ater 

above 

zero 

Temrierature 

r c.) 

Water 
below j 
zero 

Ice 

Water 

above 

zero 

0 

1. 010 

0.506 

.504 

1.010 

16, 

1.026 

0.476 

1 l.OOl 

1 

1. 011 

1.009 

17 

1.027 

.474 

i 1.001 

2 

1.012 

.502 

1.008 

18 

1.028 

.472 

1 1.000 

3 . . 

1. 013 

1.014 

.500 

1.008 

19 

1.029 

.470 

1.000 

4 

.498 

1.007 

20 , 

1.030 

.468 ! 

1.000 

5 

1. 015 

.496 

1.006 

21 

1.031 

.467 

1.000 

6 

1.010 

.495 

1.005 

22 

1.032 

.465 

1.000 

7 

1.017 

.4ft3 

1.005 

23 

1.033 

.463 

.999 

8 

1. 018 

.491 

1.004 

24 

1.034 

.461 

9W 

9 

1.019 

1 .489 

1.004 

25 

1.085 

.459 

!999 

10 

1.020 

.487 

1.003 

26 

1.0.36 

.457 

.999 

n 

1.021 

.485 

1.003 

27 , 

1.037 

.455 

.999 

12. 

1.022 

.483 

1.002 

28 

1.038 

.454 i 

' .999 

13 

1.023 

.481 

1.002 

29 

1.039 

.452 ! 

.999 

14 

1.024 

.480 

1.002 

30 

1.040 

.450 1 

1 

.999 

15 

1.025 

.478 

1.001 




Advantages and Disadvantages of the Method 

The calorimeter method of determining bound water has been veiy 
satisfactory. It has certain advantages m ease of technic, and it <‘-an 
be used for any kind of material, whether liquid, semiliquid, or solid. 
For these reasons it appears to be the best method so far suggested 
for measuring bound water in plant tissues. It measures water that 
does not freeze at the temperature to which it is exposed. 

The calorimeter metliod is open to only one of the several objec- 
tions that were listed under the disadvantages of the cryoscopic 
method, namely, the assumption that the bound water-free water 
ratio may not shift during the freezing process. In substances with 
no material in tnie solulion most of the water is frozen at a few de- 
grees below zero and a lower temperature does not crystallize any more 
of it. But where there is considerable material in true solution, as 
in plant tissues, more ice may separate as the temperature is lowered. 
For this reason all reported measurements of bound water in plant 
tissues or plant saps by this method should include a statement 
of the temperature at which the material was frozen, and com- 
parisons should be made only between materials frozen at the same 
temperature. 

THE DILATOMETER METHOD 

The dilatometer method has been used to determine the amount 
of water that wiU freeze in certain systems at certain temperatures. 
Foote and Saxton (^, 6) used this method in determining water held 
in lampblack, silica, ferric oxide, and alumina. Bouyoucos (I) de- 
termined free and unfree water in soils by this method. McCool 
and Miller (11) and Rosa (21) used it in determining the amount of 
water in plant tissues which would not freeze at certain temperatures. 
The principle involved in the method is the expansion that occurs 
when water changes to ice. This expansion is about one-tenth the 
volume of the water that changes to ice, and from it the amount of 
water that freezes can be determined. Bound water is found by 
difference from total water. 
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Appahatub and Technic 

The detenninations are carried out in flasks with long, narrow, 
graduated necks, called dilatometers. The dilatoinetei’s are im- 
mersed in freezing mixtures of any desired temperature. The ma- 
terial is covered with petroleum ether, which is immiscible with 
water. The expansion is obtained as freezing or cooling occurs by 
noting the change in the meniscus of the petroleum ether in the 
narrow neck. 

No regular dilatometers were available, and cream-test bottles 
were used instead. They are suitable for most substances, but 
filling them with solid material is tedious. The material must be in 
small pieces to go throxigh the narrow neck of the flask. They have 
one advantage over the form of dilatometer used by Bouyoucos (/), 
however, in that they are not hard to seal, having only one opening. 
The neck is graduated to 0.05 ml, and readings can be estimated to 
0.01 ml. A 25 +g sample of liquid material can be used in them 
veiy well. 

The sample is introduced into the bottle, covered with petroleum 
etlier, and the whole cooled in a fi-eezing mixture to any desired 
temperature. The expansion due to ice formation gives the atnount 
of water that freezes at this temperature. Bouyoucos {1) super- 
cooled his soil samples to — 1.5° and —4° C. and took the volume of 
the expansion at these temperatures. Rosa ) made determinations 
at —4°, —5°, and —6°. Foote and Saxton (J, f>) made read- 

ings on their dilatometers at a series of temj)eratures ranging from 
0°to-30°. 

Bouyou(M)s (1) considered the water in soils that froze at —1.5° C. 
as free water, and that which froze at —4° as capillary adsorbed 
water, and that unfrozen at —4° as combined water. P\>ote and 
Saxton (/), 6) could find no temperature where the different forms of 
water could be sharply separated. They expressed their results as 
curves and show that the amount of water that freezes increases 
as the temperature is lowered in some case's, while in othcis it is 
all frozen at a (piite definite point. They further show that, after 
the water in some substances is frozen, the temperature may be 
raised to a point above which freezing occurred when (jooling the 
material, without melting any of the ice. This means that ice may 
be superheated. 

Proceduue 

The general procedure used is similar to that of other workers 
who have employed the dilatometer method, except that the order 
of taking the readings on the dilatometer was reversed. The ma- 
terial was placed in the dilatometer and frozciii solid overnight, and 
the petroleum ether was then added. A series of readings on the 
volume of the material in the dilatometer as the temperature was 
changed was made, after wliich the material was allowed to melt and 
another series of readings was made on the volume as the temper- 
ature vras changed. This procedure was necessary to prevent 
breaking the dilatometers, which were placed in a temperature cabinet 
and coiSd not be shaken or stirred as freezing occurred. When the 
ether was added before freezing, ice formed first between the ether 
and the material, preventing expansion as freezing progicssed, and 
the bottles were usually broken. 



682 


Journal of Agricultural Research 


Vol. 44, No. 9 


Calibrating the Dilatometer 

Each dilatometer must be calibrated separately, since the glass in 
each is of different thickness and all do not have the same volume. 
The graduations on the neck are standard and uniform. The factor 
obtained represents the expansion due to ice formation and any other 
changes in volume of the glass vessel due to temperature changes, 
and thus the values are usually higher than if they were due to ice 
formation alone. Since the factor obtained from the calibration 
may vary with the rate and temperature at which the ice formed, it 
is essential that they be used at the same temperature, etc., as those 
for whidi thev are calibrated. 

In calibrating the dilatometers, 25 ml of water was placed in the 
dilatometer and frozen solid overnight in the freezing cabinet at 
— 25*^ C. The dilatometers were filled with petroleum ether up to the 
top graduation on the neck and corked. After temperature equi- 
librium was reached the position of the meniscus in the graduated 
neck was recorded. The temperature of the cabinet was changed by 
about 6® intervals, and after temperature equilibrium had been 
reached, in two or three hours, the meniscus was again read. A 
series of such readings was obtained at intervals until the material 
was at a temperature at which it melted. After all the material had 
melted another series of readings was made at 0° and at intervals of 
about 5® up to room temperature. When the data were plotted two 
lines were obtained. One of these represented the change in volume 
of the unfrozen material and the other the change in volume of the 
frozen material, with changes in temperature. The distance between 
the two lines, which are usually straight and parallel, is the expansion 
in milliliters due to ice formation of the 25 ml of water. A graphic 
solution of the factor for one of the dilatometers is given in Figure 2. 

In the determination of bound water in samples of various materials 
the procedure was the same as in determining the factor with water 
for the dilatometers. The change in volume then was corrected for 
the dilatometer used in accordance with the factor for it which had 
been determined. Thus it is essential that all determinations on 
bound water in different samples be carried out under the same condi- 
tions under which the dilatometers were calibrated. 

Advantages and Disadvantages of the Method 

This method can be used to measure bound water in almost any 
kind of material, either liquid or solid. With the cream-test bottles 
used as dilatometers, the method is practically restricted to liquid 
or semiliquid material, because of the small neck of the flask. The 
method is simple and accurate and involves no complicated calculation 
as do the other two methods, since results can be obtained by graphic 
solution. It is free from errors when properly used. The omy pre- 
cautions necessary are to see that the dilatometers are tightly stop- 
pered to prevent evaporation of the petroleum ether, and to be certain 
that all the air is removed from the material before the readings are 
made. ^ This latter is very difiSciilt with plant tissue, especially meso- 
phyll tissue containing intercellular spaces. One decided advantage 
of the method is that the amount of water that changes to ice at each 
temperature can be obtained. It measures water that will not freeze 
at different temperatures. 
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COMPARISON OF THE THREE METHODS OF MEASURING BOUND 

WATER 

In order to compare these three methods, measurements of bound 
water by each method were made on exactly similar material. Gum 
arabic was chosen as material because it was the substance originally 
used by Newton and Gortner (17) and because a large supply could 
readily be obtained. All measurements in this comparison were 
made on the same lot of gum arabic, which was ground and thoroughly 
mixed to insure a uniform sample. It was originally intended to 
check all methods on several different materials, but this was found 
impossible because of lack of time. The results recently published by 



Fiuvrk 2.-— Calibration of dilatometor No. 3: A-B -change in volume of 25 g of ice, petroleum 
ether, and the dllatometer with dhanges in temperature; C-D - change in volume of 26 ml of water, 
petroleum ether, and the dllatometer with changes in temi)erature; B-C -expansion due to ice 
formation 

Newton and Martin (18) on the bound-water content of different 
substances by the ciyoscopic method would suggest that some very 
interesting results might be obtained if the materials that they used 
were checked by several methods. 

Experience soon showed that all measurements would have to be 
made as soon as possible after the solution was prepared and all on the 
same solution, as changes occur as the solutions stand and two solu- 
tions apparently made up in the same way may not have the same 
bound-water content. After a considerable number of preliminary 
experiments, a saturated solution (18.6 per cent) of gum arabic was 
prepared, and the values for bound water in Table 8 were all obtained 
on this solution. 
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Table 8. — Comparison of the three methods of measuring hound water in an 18.6 
per cent gum arabic solution 

CRYOSOOPIO METHOD 


Sucrose added 

1 

1 1 
i C ' 

! 


Bouud 

water 

260.8 - 

® C. 

1. 662 

: Per cent 

1 92.9 

1.827 

Per cent 
10.84 

403.9 

2.431 i 

1 88.9 

3.018 

15.59 

306.5 — 

1.830 1 

91.6 

2.182 

12.23 

267.2 

1.592 . 

92.6 

1.922 

13.00 

289.0 - 

1.728 1 

92.0 

2.035 

11.10 

309.2 - 

1.8.62 I 

I 

91. 6 

2.173 

10.92 

Ai -0.070® C. 



a' 

9 

lean- 12.28 
- 1.83 


PEb. -=fc0.50 


CALORIMETER METHOD 


To 

T ' 

1 

To 

FNS{T-^To)\ 



1 ; 

79.7.6-7’.- , 

Ti^{SBW-Sl) j 

Bound 

water 

® C. 

® C. j 

® C. 

Calwien 

Caloriee 

Calories 

Calories | 

Per cent 

-4.0 

27.32 ! 

23.36 

2113.32 

578.87 

74. 33 

77. 7610 1 

10. .69 

-3.8 

27.92 i 

23.98 

2102.64 

.687. 76 

75.47 

77.8630 1 

11.97 

-3. 5 

27.24 , 

23.40 

2049.28 

569. 14 

73.08 

78.0194 1 

14.12 

-3.4 

27.54 1 

23.60 

2102.04 

571.25 

73.35 

78.0703 1 

11.07 

-3.3 i 

27.20 ! 

23.36 

2049.28 

564.06 

72. 43 

78. 1244 

13. 87 

-3.2 

28.54 1 

1 

24.70 

2049.28 

591. 14 

75.91 

78. 1762 . 

1 

15.80 


III 1 I 1 1 

f’«l.0684; A’«fi00inl; j*0.56«cal.; Tr«2U)0g; wi»4.80g; 7 ’a« 0.10® (\ Mean « 12.90 

V « 2.02 

PEu, “drO./Mi 


DILATOMETER METHOD 


Dilatometer n1). 

Expansion 
2.6 ml wa- 
ter on freez- 
ing 

P'actor 

Expansion 
25 ml gum 
arabic* on 
freezing 

Boumi 

water 


Ml 


Ml 

I^T cent 

1 

2.47 

0.0988 

J.82 

13.11 

2 - 

2.35 

.0940 

1.81 

9. 17 

8 

2. 42 

.0968 

1.81 

11.80 

4 

2.42 

.0968 

1.82 

11. 32 


2.60 

. 1000 

1.83 

13. 68 

6 

2.47 

.0988 

1.81 

1,3. 59 


Mean « 12. 11 
c ■* 1. 74 

PRm »=t0.48 


• 25 ml glim arabic, sp. gr. 1.042, contained 21.20 g of water and 4.85 g of gum. 

The mean values for botmd water as determined by the three 
methods are in excellent agreement. The maximnm difference is 
0.79 ±0.74 per cent of bound water for the calorimeter and dilatom- 
eter methods. This is only about 6.5 per cent of the total bound 
water as pleasured by the dilatometer method and is without statis- 
tical significance in view of its probable error. The variability, as 
measured by the standard deviation (<r), also was essentially the same 
for the three methods in these experiments. Too much reliability 
should not be placed on these values, however, as they were obtained 
from only sLx measurements. Refinements in the "technic of the 
calorimeter method have been made since this comparison was fin- 
ished^. These have reduced the variation in repeated determinations 
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by that method. Thus, a aeries of determinations of bound water in 
samples of com tissue had a standard deviation of only 0.81, or some 
4.2 per cent of the indicated boimd-water content. 

An attempt was made to check the three methods on expressed sap 
from corn loaf tissue. The percentage of bound water by the calorim- 
eter method was 14.8 per cent, by the dilatometer method 12.7 per 
cent, and by the cryosco])ic method 5.8 per cent. All three methods 
were used on the same sample of expressed sap. The results by the 
calorimeter method and by the dilatometer method are in reasonably 
good agreement, but the results by the ciyoscopic method are not. 
The ciyoscopic method was very good for determining bound water 
in gum arabic solution. It has also been used with apfiarent success 
by other workers, Meyer (IS) and Newton and Martin (18), on many 
different plant saps and other materials. However, as previously 
stated, it failed to give reliable results with expressed sap from corn 
tissue. 

Since the cryosc.opic method does not always give reliable results, 
determinations of bound water should be checked by different methods 
whenever possible. 

If all three methods were equally accurate, the calorimeter method 
would apparently be the more useful, since it is easy to use with any 
type of material. The bound-water contents of a number of different 
sub.stances determined by the calorimeter method arc given in Table 
9 as an illustration. 


Taulio 9."" 7'oial water, free water, and hound water content of different materials, 
determined by the calorimeter method 









Tem- 

Tem- 


.Materinl 

Date 

Total 

water 

Free 

water 

Bound w ater 

Bound 

water 

|MT 

I0t)g 

solid 

l>ora- 
ture at 
which 
ma- 
terial 

pera- 
ture at 
which 
ma- 
terial 
was 

Treatment 
of tissue 








frozen 

deter- 

mined 



1930 

Per cent 

Orarm 

Grams 

Per cent 

Grams 

® a 

® C. 


Buckeye twigs 

Fol>. 28 

5(i,0 

20.2 

29.8 

53.2 

H7.8 

-23.0 

-4. 5 

Shavings. 

Buckeye buds 

...do.... 

M.0 

24.5 

29.5 

54. 6 

04.2 

-23. 0 

-4.0 

Whole. 

Maple twigs 

M ar. 4 

44.0 

20.4 

23.6 

53. 6 ' 

42.2 

-24.0 

-5.5 

Shavings. 

Pine needles 

Mur. 0 

M.O 

40.7 

15.3 

27. 3 

34.8 

-23.0 

-11.5 

Ground. 

Do 

...do 

5tl.() 

41.2 

14.8 

2ti. 4 ' 

33. 7 

-23. 0 

-11.0 

Mince<l. 

Do. 

...do.... 

42.0 

23.1 

18.9 

46.0 ; 

;i2.6 

-23.0 

-11.0 

Press cake. 

Do . 

Apr. 1 

50.8 

40.8 

10.0 

28.2 

37. 0 

-22.0 

-20.0 

Minced. 

Do 

.do 

50.8 

38.9 

19.9 

35.0 

46. 1 

-12.0 

-10.0 

Do. 

Carbon 

Mar. 37 

50.0 

2&2 

21.2 

42.4 

42.4 

-23.0 

-3.0 


Filter paper 

...do 

73.0 

01.6 1 

11.4 

15. 6 

42. 5 

-23.0 

-4.2 


Starch paste 

...do 

98.5 

94.4 1 

4.1 

4.2 

27.3 

-23.0 

-2.6 


Corn blade 

Aug. 12 

72.2 

50.6 j 

15.6 

21. 6 

56.1 

-25.0 

-26.0 

Do. 

Do 

...do 

72.2 

50.8 ) 

15.4 

21.3 

55.4 

-26.0 

-26.0 

Ground. 

Com sheath 

...do 

78.3 

07.9 j 

1G.4 

13.3 

47.9 

-25.0 

-25.0 

Do. 

Com stem (upper) 

...do 

78.3 

69.5 

8.8 

11.2 

40.5 

-25.0 

-26.0 

Do. 

Com stem (middle) . . .. 

...do 

80.0 

73.8 

6.2 1 

1 7.8 

31.0 

-25. 0 

-26.0 

Do. 

Com stem (lower) 

...do. 

80.9 

74.6 

6.4 j 

! 

33.6 

-25.0 

-25.0 

I 

Do. 


To all three methods the objection may be inade that they measure 
bound water at or near the freezing point. Since bound water is in 
equilibrium with the free water of the system, and this equilibrium 
may be changed by temperature, they do not give a true measure of 
the bound water present at ordina^ temperatures. This objection 
is not serious when bound water is considered in relation to cold 

118180—32 ^2 
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resistance, since the bound-water content near freezing temperatures 
is the item wanted, but in studying drought resistance this objection 
might be a serious one. 

SUMMARY 

No satisfactory definition of bound water can be made. All water 
that is not free water, that is, that does not show some of the common 
properties of liquid water, may be considered as bound water. In the 
methods of determining bound water, free water is measured and 
bound water is found by difference. This paper presents the results 
of a study of three methods of measuring bound water in plant tissue, 
namely, the cryoscopic method, the calorimeter method, and the 
dilatoraeter method. 

The theory involved in the cryoscopic method is the assumption 
that bound water is not free to dissolve sucrose. A determination of 
the increased depression of the freezing point of the material after 
sucrose is dissolved in it will indicate whether or not all the water 
present is free for the solution of sucrose. The chief disadvantage of 
the cryoscopic method is that it can be used only for liquid or semi- 
liquid material. It is open to several other objections, the most 
important of which is that the addition of sucrose in molecular 
concentration to the material may change the bound-free water equi- 
librium or that the sucrose may be hydrolyzed or adsorbed by the 
material. 

The theory involved in the calorimeter method is the assumption 
that bound water does not freeze. In this method the amount of 
water that changes to ice is detennined by measuring the amount of 
heat necessary to thaw the frozen materiar. Owing to the great differ- 
ence between the latent heat of fusion of ice and the specific heat of 
water, rather small quantities of ice can be measured. This method 
can be used on any kind of material, whether liquid, semiliquid, or 
solid. 

The theory involved in the dilatometer method is also the assump- 
tion that bound water does not freeze. In this method the expansion 
of the material as freezing occurs is used to determine how much of 
the water changes to ice. This method can also be used on any kind 
of material, but great care is necessary to be sure that all air is re- 
moved from the material before it is frozen. Both the calorimeter 
and the dilatometer methods are open to the objection that the 
bound-free water equilibrium may be changed by the freezing of the 
material at the low temperature used. 

The calorimeter method is recommended for the measurement of 
bound water in practically all materials, since it is easy, rapid, ac- 
curate, and reliable. Whenever possible, however, determinations 
should be made on the material by each of the several methods. 
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ELSINOE ON APPLE AND PEAR^ 


By Anna £. Jenkins 

Associate Pathologist^ Division of Mycology and Disease Survey, Bureau of Plan 
Industry, United States Department of Agriculture 

INTRODUCTION 

This paper deals with the morphology and taxonomy as well as 
the history and distribution of Plectodiscella piri {5o),^ which causes 
an anthracnose of considerable importance, affecting apple {Malum 
mylvesiri^ Mill.) and pear {Pyrus communis L.). Reference is made 
also to Sphaceloma, that is, the conidial stage of Plectodiscella, on 
other plants besides those named, most of which have not heretofore 
been reported as attacked by this group of fungi. Plectodiscella is 
sliown to be a synonym of Elsinoe. 


HISTORICAL REVIEW 

The history^ of Plectodiscella piri as then known was reviewed by 
Jenkins and Horsfall (31) in 1929, and the Sphaceloma or conidial 
stage of the organism reported. This was rei^ognized on the basis of 
conidia on leaves of apple and pear from Transcaucasia,^^ part of the 
collection on which the perfect stage of the fungus was discovered, and 
on conidia in a theretofore unidentified culture isolated by Osterwalder 
from a fniit spot on Jonathan apple grown in Switzerland. He 
diagnosed the disease as Jonathan spot, which is ordinarily considered 
to be nonpathogenic. A publication of Zschokke (57) in which he 
jmm tinned the occurrence of the disease on Jonathan apple, as referred 
to by Osterwalder (38)^ was not available to Jenkins and Horsfall in 
1929. Now at hand, however, it reveals that not only the Jonathan 
variety (pi. 1, A), hut several others there illustrated show dark lesions 
>vhich appear to be those of the Plectodiscella disease. 

In the past two years the writer has diagnosed the anthracnose 
on fresh apples intercepted in transit^ from Ireland (fig. 1), Italy, 
Switzerland, and Hungary, and also on apples imported from Portu- 
gal. In each case isolations of the pathogeiie have been made. 
The apples from Ireland and Italy have been referred to in earlier 
publications (28, 52) \ those from Portugal, of the variety Reneta, 
w^erc secured through the courtesy of Slathilde Bensadde, of the 
Instituto Rocho Cabral, lisbon. So far as the writer knows, this 
fungus has not been found in North America. 

Although records are not available it is believed that Plectodiscella 
pin infects the twigs of apple and pear as well as the leaves and fruits. 
The larger lesions on the apple fruit shown in Figure 1 were browmish or 

‘ acoelvod for publicatiou Dec. 8, 1931; issued May, 1932. 
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•» Russia, Transcaucasia, near Sotschi, Aug. 28, 1913. N. N. Woroniehin. Ex Herbarium. Institute of 
Mycology and Phytopatnology, Leningrad, XT. S. S. R. Contributed by N. N, W^oronichin and A. 

* Intercepted by port Inspectors of the Plant Quarantine and Control Administration, in passengers’ 
baggage and in mail. 
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whitish at the center surrounded by carmine® or jasper red, while those 
on the other fruits examined were mostly madder brown or chestnut. 

MORPHOLOGY 

Plates 1, B, a and 6, and 2, A, show Plectodiscella jnri on apple and 
pear leaves from Transcaucasia,® on which conidia were found by 
Jenkins and Horsfall (5f ), and Plate 3, A and B, those of the fungus 
on pear leaves finm Italy.^ Although conidia were not abundant on 
the Transcaucasian material, they practically covered the acervuli 
examined on the Italian specimens. (PI. 3, C and D.) In all cases the 
conidia seen have been of the various shapes, sizes, and colorations 



Fiouks 1.— Apple fruit from Ireland affected by anlbracnuse. Slightly enlarged. Photograi^h 

by J. P. Brower 

of those described for this fungus as referred to later in this paper. 
(Pp. 4, 5.) In addition, on one of the Italian specimens there was 
seen a 3-cell elongate colored body interpreted as possibly a greatly 
swollen conidium of this fungus. Hyaline conidia of the type illus- 
trated in Plate 3, E and F, some of which were biguttulate, were 
produced in great abundance within an 18-hour period, when small 
masses of a young culture on potato-dextrose agar were transplanted 
to a com-meal poured plate to which a few drops of sterile water 


A Color reading by J. Marion Shull based on the following publication: Ridg way, R. color stanpakds 
AKD COLOR MOM1CMCLATURR. 43 p., iUus. Washin^OO, D. C. 1912. 

• Op. cit. (See footnote 3.) 

7 BRiosi, O., and Cavara, F. i yvnohi parassiti dblle piamte coltivatb on utili. Fasc. 11, No. 
274. Favia, 1SQ6. This material, labeled *‘Hadr(arichum pvtptUi Sacc.,"* consists of three specimens for 
wbidi the following data are given: ** Estate 1894~Sul Fero—Avellino— 1>. Peglion; M. 1891— id.— Orto 
botauioo di Faria; id. 1890-Sul Melo-id. id.’’ 

I 'Phis spedes was originally described on black poplar (Populus nigra L.) as doubtfully of the genus 
Hadpotricnom, and the binomial was therefore wntten as //.? populi (4S, p. gei). As in this instance, 
where the question mark has been dropped from this name in literature cited, it is also omitte<l in the 
present paper. 
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Plate l 




A, Part of Jouuthan apple fruit illustrated by Zschokke, showing lesions apparently of apple and 
pear anthraciiose (X 1); B, o and b, general appearance of anlhraenose lesions on upper surface 
of apple leaves (X 0; C and D, sections of conidial fructifications on upper surface of apple 
leaves (X 380). Material (B-D) from VVoronlchin, Transcaucasia. Russia, in 1913. Ex Herb 
Inst. Mycol. and Phytopath. Leningrad. Photographs (.\, C, and D) by J. F. Brewer and 
tB) by W. R. Fisher 


EUinoe on Apple and Pear 


PLATE 2 



Upper surface of pear leaves infected by PlectodUcella piri: A, General appearance of lesions 
(X 1); B (enlargement of A, a), fructifications of l}Oth stages of the fungus (X 22); C-£, 
sections through fructifications represented in B: C, a, an acervuliis; D and E, ascomata, 
with couidiophores at one side (a) of O; D, b, and £, a, asoi; E, 6, epitheciuni or dark stroma, 
covering asooma. C, x about 600; D and E, X 380. Material from same source as that 
shown in Plate 1, B-D. Photographs by J. F. Brewer 




Plectodmella pirU A-D, Ou pear leaves from Italy, ideutified by Briosi and ('avara as tladro- 
trichum pwpuli Sacc. and distributed by them as No. 274, i funohi parassiti delle piante 
coLTivATE on UTiiJ. Fasc. 11. Pavia, 1896. One of these leaf specimens of the fimgus was 
collected at Avellino in 1894 by Peglion and Is typical of his GloeospoTium pirinum; the other 
was collected in 1891, at Pavia. A, Upper leaf surface (X 1); B, lower leaf surface (X 1); 0 
and D, sections of acervuli on lesions on upfier surface of A and of B, respectively (X 380). 
Photographs by J. F. Brewer. E, On pear leaves, as illustrated by Ferraris (19, fig. 174, 1), 
under the name of Hddrotrtchum populi. F, On apple leaves, as illustrate<l by Maublauc (35, 
Figs. XIII and XIV), under the name of Mtlanobatidium mali 
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had been added. Some conidia were already present in the culture 
from which the transfers were made. Granular masses in some sec- 
tions of lesions on apple fruits were interpreted as possibly consisting 
of microconidia. 

Plates 1, C and D, and 2, C, a, represent the conidial stage of the 
fungus; Plate 2, D, both the conidial stage (a) and the perfect stage (6) ; 
and Plate 2, E, only the perfect stage. Woronichin^s {65^ jig. S, and 
pi. If jig. 1) illustrations of dark h 3 r|)hae at the apex of a young pustule 
of this fungus, as well as of converging hyphae at the center of another 
pustule on the same material, are interpreted by the present writer 
as conidiophores of Plectoducella pin. These structures, however, 
together with such dark hyphae or stroma covenng the ascoma as arc 
here shown in Plato 2, E, 6, are termed by Woronichin (65) the 
‘‘epitheeium’’ or ‘^shield.’’ The dark hyphae or stroma are believed 
to have formed entirely or almost entirely within the epidermis, as is 
illustrated for a closely related fungus on Lima bean {Pharndm 
lunatus macrocarpus Benth.), tentatively identified as PJlsinoe cana- 
raliae Rac. (30^ pi. c, and pi. 5, 1) and K, h). The Elsinoe 
structure illustrated in Plate 2, C, u, of the paper just cited seems to 
be a development homologous to what Woioniehin {od, pi. (i) 

described in Plectodiseella piri as a small, cup-shaped, almost super- 
ficial ascoma ])nictically inclosed in a coat of brown cells. In both 
instances the darkening of the hyphae is possibly due to oxidation 
following exposure, or, as explained by Woronichin (o5) in the case of 
the apple and pear fungus, to the pronounced isolation of the ascoma 
from the substratum. 

It seems that since his report of the perfect stage of Plectodiseella 
piri, Woronichin (SO, p. 221) has identified its conidial stage as 
Hadrotrichum pirinvm (Pegl.) Sacc., which, as will be explained later, 
actually represents the conidial stage of this as(‘omycete. Tliis iden- 
tification by Woronichin was made in reporting a leaf spot on pear 
growing in a Caucasian nursery. His description of the lesions and 
of the disposition of pustules of the pathogene thereon is essentially 
the same as that given in connection with his {65) description of the 
perfect stage, i. e., Plectodiseella piri. The conidia are described as 
4/jl to 5 m in diameter {56, p. 221). 

TAXONOMY 

As stated earlier in this paper, Jenkins and Horsfall’s {31 ) discovery 
of the imperfect stage of PkctodisceUa piri was based upon conidia 
produced in a subculture of an isolation by Osterw alder and upon 
those found on the specimens from Transcaucasia on w^hich Woronichin 
{55) had discovered the perfect stage. The recent finding of a 
Sphaceloma on an apple fruit from Italy {28) at once suggested that 
the fungus had long been known to Italian mycologists. The cer- 
tainty of tins is now established through the specimens from Italy 
identified by Briosi and Cavara as Hadrotrichum populi Sacc.® The 
fungus is here unquestionably of the genus Sphaceloma, and a com- 
parison of it with typical material of Plectodiseella piri shows that 


» op. cit. (Se« footnote 7.) 
*0 Op. cit. (See footnote 3.) 
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it is this species. The Italian material represents the fungus on 
pear leaves from Avellino and Pavia (pi. 3, A-D) and on an apple leaf 
from Pavia. That on the leaf from Avellino is from the collection of 
Gloeosporium yirinum on which Peglion {S9) based his description of 
that fungus. 

The disease caused by Gloeosporium pirinum was termed ^*pear 
anthracnose^’ by Peglion (39; p. 267) and this name was later 
employed by Briosi (IS, p. 365; 14, p- 70) in reporting the disease on 
pear. In the present paper the disease is referred to as anthracnose 
of both apple and pear. Peglion (39; 40^ p> 268) observed the simi- 
larity of the leaf lesions produced by this disease to those of grape 
anthracnose on leaves of grape (Vitis). He (39; 40 fP- 268) made some 
notations on the susceptibility of pear varieties to infection by 
Gloeosporium pirinum.. Recently he has written that this fungus is 
common in the region of Bologna, where he is now located. 

Saccardo (44^ V- 1^6), in 1915, reporting the fungus on tliis host in 
France, made the new combination Hadrotrwhum pirinum (Pegl.), 
for which he gave the sjmonyms Gloeosporium pirinum Pegl. (39, 
p. 4)) Hadrotrichum mri Montem. (36, p. 226), and //. populi Saco, 
var. piri (Montem.) Terr. (19, p. 875). On the basis of Maublano/s 
technical description (34, P- 70) and illustrations (34, Jigs, riii and xiv) 
of MelanohaMium mali Maub. and an examination of a fragment 
of the specimen on which the description is based, “ this fungus is 
here identified as the same as Gloeosporium pirinum, or Pleciodtscella 
piri. 

The reports of lladrotrichuin piHnum from France and of Melano- 
hasidium mali from Spain constitute the only records at hand of 
Plectodiscella piri in these countries. Reference to its occurrence 
in Portugal was made in the historical section of this paper. 

The illustrations of this fungus by Ferraris (20, fig. 17 4^ /), under 
the name of Hadrotrichum populi, and by Maiiblanc (34 y figs, xivi 
and xiv), under that of Mehnohasidium. mmi, are .reproduced in Plate 
3, E and F, respectively, while the original technical descriptions of 
Gloeosporium piri.num, Hadrotrichum piri, Melanobasidium, and M. 
mali, typifying this genus, follow: 

Gloeosporium pirinum Pegl. 

Maculis initio punctifonnibus, rubro-cinetis, inde efrusis, rotuiidiK, saepo 
confluentibiis, ad cciitnim griseiH, vel sordide bruimcis amphigenis; accrvulis 
minutis 150-300/* diam. erumpeutibus, olivaceo-chlorinis; conidiis ovatis vcl 
subcylindraccis, continuis, eguttulatis, ^4, hyalinis; basidiis bacillaribus, 20 -25 
X4, minute granulosis hyalinis vel dilute fumosis. 

Hab. in foliis Pin communis prope Avellino — It. austr. — Vere 1894. 

Melanobasidium nov. gen. (Tuberculari6es D6mati6o8). 

Foliicolum, maculicoluni; sporodochia minima, erumpentia, atra, cx hypliis 
ramosis, septatis, intricatis coraposita, sporophoris cylindricis, densis, septatis, 
concoloribus vestita; conidia solitaria, acrogena, ovoidea, hyalina. 

Melanobasidium Mali nov. sp. 

Maculis albidis, ovoideis vel elongatis, margine brunnea, angusta cinctis; 
sporodochiis punctifonnibus, epiphyllis, demum epidermide flssa superficialibus, 
170-190/i latis; conidiis ovoidiis, hyalinis, 4,5- 5. 5 X 2.5-3/*. 

In foliis vivis Piri Mali ad Sevillam, Hispanist. 

** Melanobasidium mali Maublaoe sur Piruo matue Seville 1900*^ (fragment of type). Ex Herbarium, 
Station Ce^tale de Patbologie Vdgifitale, Miniature de I’Agrieulturo, lustitut do Kecnercbes Agronomlques, 
Versaillea, France. Bpeolmen received through the courtesy of O. Arnaud. 
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Cette espece est iiettement parasite sur les feuilles du Pomniier, otl elle forme 
de petites taches blanches, bord^es d'une marge subdrisce. Je n’ai pas de rcii> 
seignements sur Textension de ce cham^jigiion et les spores de Tunique 6chantillon 
regu n^ont pas germ^. 

Hadrotrichum piri. 

Acervulis puntiformibus, atris, in maculis foliarum dcalbatis, epiphyllis, sub- 
stijMirfioialibus: strato proligero subeuticolare, e eellulis oblongis dense stipatis 
fuligincis condato; conidiis globoso-ovoidies (4-5X4/*), olivaceo-fuligineis. 

Hab. In foliis vivis Pin communis^ Montubeccaria (prov. Pavia). 

A few years before Peglion p, ff) described Gloeosporium 
pirinum, Cavara (17, p. 184), reporting the occurrence of Hadro- 
trichum populi on Populus nigra L. in Lombardy, Italy, stated that 
a closely allied form affects '*Rosa esp. ciilt.^' and '^liulnis corijolius.^* 
He (18, p. 282) later asserted that this Hadrotrichum species affects 
'‘Rosa, Rubus, Sorbus'^ and "Pyrus.^^ At about the same time 
Briosi reported in Italy Hadrotrichum sp. on wild rose (7, J^f-iii)f 
and H. jmpuli (8, p. xix) and //. populi "forma del pero" (9, j). xxvi) 
oil pear. He continued to refer to the pear fungus either as H. po- 
puli (10, 2 ). 298; 12, p, 663; 14y P- 70) or as Gloeosporium pirinum 
(13, p. 365). He also reported H. populi on rose in Meaux, France 
(10, p. 813), and on maple (Acer negurulo L.) (11, p. 541) in* Italy. 
Ferraris (20, p. 875) included European mountain ash (Pyrus 
aucu 2 )aria Ehrh.) among the hosts for H. 2 f 0 puli var. 2 >iri. 

Even as late as 1920 Montemartini (36, p. 122) was apparently 
unaware of the nomenclatorial status of his Hadrotrichum piri, for, 
citing only Cavara (18), he recognized this binomial and Gloeosporium 
pirinum as synonyms of //. populi. At the same lime he reported 
what he interpreted to be this fungus on pomegranate (Punica 
granutum L.) growing at Montubeccaria, Pavia, the type locality for 
H. piri. 

More recently, Borg (5, p. 238-239) and Marchionatto (33, p. 10-11) 
have reported Gloeosjforiurn jdrinum on pear in the island of Malta 
and in Argentina, South America, respectively; while in the Crimea, 
Russia, Garbow’ski (21, p.255-256)\iiiBiderLi\liQdLHadrotrichumpoj)uli 
on apple, pear, plum (Prunus domestica L.), poplar (Populus nigra), 
and white beamtree (Sorbus aria Crantz), and, as previously noted, 
in the latter country Woronichin (56, p. 221) has reported //. inrinum 
on pear in the Caucasus and Plectodiscellu 2^i^i' on both apple and pear 
in Transcaucasia (55). 

Garbow’-ski (21, p. 256) stated that in the Crimea 
populi causes considerable damage to fruit trees, particularly apple; 
he observed it on both leaves and fruits of several different varieties. 
Ho described the fruit spot as circular, with a whitish central part, 
and a reddish-brown border. Reaching a centimeter in diameter, the 
whitish area W'as dotted with the dark pustules of the fungus, which 
had ruptured the dead epidermis. He noted also the close resem- 
blance of the fruit spot to that caused by Phoma pomorum Thuem., 
and stated that it is probable that infection due to the Hadrotrichum 
is often ascribed to this fungus. 

Specimens of the so-called Hadrotrichum on apple leaves from the 
Crimea, as well as of Gloeosporium pirinum on pear from Argentina, 
recently received through the courtesy of Garbow^ski and Marchio- 
natto, respectively, are of the same general appearance as those of 
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PlectodisceUa 'piri from other sources, which have been examined by 
the writer. 

Marchionatto (SSy p, 11), reporting the fungus only on leaves of 
pear, stated that it was fairly widespread in the Province of Buenos 
Aires and the islands of Delta del Parma. His advice (33, p, 11) for 
the control of the disease is similar to that given by Peglion (39; Jfi, 
p. 369). 

Thereportsof Hadrotrichumon rose presumably concern theSphace- 
loma on rose; those on brambles, Plectodiscella veneta (Speg.) Burk., 
or the perfect stage of Gloeosporium venetum Speg. (16); and those of 
Hadrotrichum and G. pirinum on apple and pear, P, jnri. Al- 
though these three similar fungi, occurring on rosaceous hosts, and 
Hadrotrichum. ? populi, on poplar, have been treated as comprising 
one and the same organism, it seems advisable to keep them, tenta- 
tively at least, as separate species, as originally described. It has 
been mentioned elsewhere by the present writer^* that Alexander 
(1, p. 72) reported infection of apple fruits by P. veneta, but that ho 
did not furnish absolute proof of such pathogenicity. This species 
and the other two from rosaceous hosts just mentioned were separable, 
as far as compared by the writer,^^ but this is not interpreted 
necessarily to moan that each is entitled to the rank of species. 

lindau (32, p. 634), in referring to the doubtful classification of 
Hadrotrichum populi in the genus Hadrotrichum (43, p. 264), sug- 
gested that the species be retained there until it could be investigated 
further. An examination of typical material of the fun^s on 
Popvlus nigra, on which, as previously stated, it w^as originally 
described, as well as of Briosi and Cavara^s^* illustration of it, show's 
that it possesses the characteristics of the genus Sphaceloma and that 
it is possibly a distinct species. Therefore it is here transferred to 
the genus Sphaceloma as S. populi (Sacc.), n. comb. The fungus is 
reported not only on black poplar, but also on Lombardy poplar 
(P. nigra italica DuRoi) in Italy and South America (46, p. 192) 
and on ^^Piojjpo canademe^^ (53, p. 305) in Italy. 

Isolations of Sphaceloma from pear, poplar, or strawbe^y tree, 
or tests to determine whether the Sphaceloma on apple will infect 
pear, and that on pear apple, seem not to have been made; nor has 
there been available fresh material of the pear fungus or any specimen 
of what may prove to be Sphaceloma on maple, pomegranate, plum, 
European mountain-ash, or white beamtree. 

Bnzi (15) has reported an anthracnose of almond (Amygdalus 
communis L.) in Italy, which he regards os similar to anthracnose of 
grape ; also Von Hohnel (26, p. 65-67) has added a species to Maublanc’s 
genus Melanobasidium, but its characteristics as described (26, p. 
65S7) may exclude it from this genus. 

Before erecting the ascomycetous genus Plectodiscella and the 
family Plectodiscellaceae for the apple and pear anthracnose oiganism, 
Woronichin (55) considered placing the species in one of several genera 
already descri b ed with each of which it has characteristic s i n com mon. 

» JSNKINS, A. £. ROSE AKTHRACK08E CAUSED BY SPHACELOMA. (Unpublished manuscript.) 

II Selva, Italy, October, 1877. (Saccardo, P. A. mycotheca veneta. Century 8-12 (pr. p.) No. 1256.) 
(Cited in 

• 14 Bkiosi, 0.1 and Cavara, F. i funqhi parasbiti delle piante coltivate od utiu. Fasc. 13-14, No. 
m. PavlA. 1900. 

II Op. cit. (See footnote 14.) 
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One of the genera considered was Elsinoe, typified by E. canaraliae 
and originally reported on Cariavalia gladiata (Jacq.) DC. According 
to Woronichin (55) the ascoina in Plectodiscella piri develops intra- 
epidennally, whereas in Elsinoe canaraliae it forms subejiidennally; 
furthermore, lesions of scab of Canavalia are thickened, while in apple 
and pear anthracnose such lesions are not found. The two species 
can not be separated by these criteria, for intraepidennal as well as 
subepidemial ascomata occur in the Lima-bean fungus tentatively 
identifieid as E. canavaliae; furthei-niore, data at present available 
show that lesions resulting from attack by Spliaceloina may be not 
only of normal thickness, but also of increased or (5, 27) even of less 
than normal thickness. The fact that hyperplastic lesions occur in the 
anthracnose of brambles (16, 46) and of rose^® suggests that they 
may be found in the apple and pear disease. 

Woronichin (JJ) found resemblances between the perfect stage of 
Plectodiscella piri and Molleriella Wint. (/)4f p. 102) not Moeleriella 
Bres. (6*, p. 292), The latter genus at the time his (55) paper was 
written had been removed (2o, p. 349) from the family Myriangiacei 
Nyl. (37, p. 139) and then transferi*ed (2d, p. 349) to the discomveetous 
family Agyriaceae Von Ilohn. (2d, p. 362). If more information liad 
been available coiK^erning Molleriella it is probable that Woronichin 
(dd) would have classified his new fungus in this genus, which is older 
than Elsinoe. He (dd) (Huiipared it with the iuyriangioid genera 
Ascostratuiu Syd. and Kusanoa P. Henn., as well as with Elsinoe and 
Myriangina (P. Henn.) Von Ilohn. (2d, p. 372-873); of these two it 
rescnibled Elsinoe more than Myriangina. Myriangina was originally 
classified by Hennings (24, p, dd) as a subgenus of Myriangium Mont, 
and Berk. (4), on wliich is founded the Myriangiaceae. Upon re- 
moving Myriangina from this family. Von Holinel (2d, v. 373) erected 
for this genus, as well as for Elsinoe until then classified in the Exoas- 
caceae (42), the family Elsinoeaceae Von Hohn. He was uncertain 
of its systematic position, but suggested that its affinities might be 
with the Plectodiscales or with the Protodiscales. Woronichin (dd) 
concluded to place his new family Plectodiscellaceae between the 
Elsinoeaceae and the Discoinycetes, explaining that it was undoubtedly 
related to Molleriella, and through Ascostratum and Kusanoa to tlie 
Myriangiaceae. 

Soon afterwards the Myriangiaceae were treated as an order by 
Theissen (dO, p. 311), i. c.', as the Myriangiales Starb. (42), and the 
families Elsinoeaceae and Plectodiscellaceae were placed in this order 
by Theissen and Sydow (dl, p. ^^7). For these families the^^' created 
the suborder Protomyriangieae and distinguished them bv the pres- 
ence of an epithecium or shield in the Plectodiscellaceae and its absence 
in the Elsinoeaceae. It lias been shown earlier in the present j^aper 
that this is not a valid criterion for the separation of the type species of 
the genera Elsinoe and Plectodiscella ; it follows, therefore, that it is 
not a valid criterion for the separation of the two genera or of the 
families created for them'. In 1925 Amaud (2) merged the two fam- 
ilies and transferred Elsinoe, Plectodiscella, and Myriangina to 
Hennings’s (22) genus Uleomyces. Uleomyces, Myriangium, Kusanoa , 
Ascostratum, and a few others fall in the Eumyriangieae of Theissen 


u Jenkins, A. E. Op. cit. (See footnote 12.) 
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and Sydow (^i), the only other suborder in the Myriangiales as 
classified by them (51), Arnaud, who (p) explains that the order is 
only imperfectly known, thus seems to disregard the two suborders of 
Theissen and Sydow. As a matter of fact, in the orientation of their 
stroma, Myriangina, as discussed by the writer (^9) and by others, 
and some other related genera (48) actually partake of both suborders. 

Amaud (£, v, 678) transferred Plectodiseella yiri and P, veueta to 
what he termed “the Elsinoe section” (2, p, 688) of the genus Uleomy- 
ces. Shear (45) did not agree with this transfer, because “ Uleomyces 
has a superficial stroma and many-septate, muriform, brown asco- 
spores, instead of 3-septate hyaline spores as in the type of Plectodis- 
cella.” Citing Arnaud ’s (2) account of Elsinoe canamliae, Shear (45) 
stated : 

It is very clear that Elsinoe is a synonym of Plectodiscella, unless [here ap- 
parently following Theissen and Sydow ( 51 ) and not Woronichin (5^5)] the dark- 
colored superficial cover in Elsinoe be considered a distinctive character ♦ * 

These statements were made by Shear (45) in connection with his 
report of Elsinoe ampelina (D By.) Shear, recently found by him in 
the United States, the fungus being possibly the same as E, riticola 
Rac. (31, 45), originally reported from Java. 

As previously mentioned in the present paper, the writer (SO) has 
shown that a superficial cover like that in Plectodiscella is found in 
Elsinoe on Lima bean. In other respects also the two genera are identi- 
cal. Colored muriform spores occur in Elsinoe canavaliae (SO), so that 
in this particular Elsinoe, or Plectodiscella, agrees with Uleomyces. 
Colored ascospores occur also in the genus Myriangium, as already 
reported by Petch (41, p. 62-6S), Had this characteristic of Myrian- 
gium been known to Hennings, according to his own statement, he 
(2S) would have treated his genus Uleomyces as a synonym of My- 
rianrium. Theissen (50, p. S12) and Theissen and Sydow (51, p. 4^8), 
on tne other hand, separate Uleomyces and Myriangium on the l)asis 
of the distribution of asci in the ascoma; i. e., in Uleomyces the asci 
occur throughout the ascoma, wdiereas in Myriangium the lower part 
of the ascoma is sterile. Amaud (;^) recognizes the same distinction. 
Of these two genera only Myriangium has been cultured by the present 
writer, no living material of Uleomyces being available. It is evident 
that further investigation of Uleomyces, including a study of its 
growth in culture, is essential to a satisfactory comparison of this 
genus with the others just mentioned. 

As previously stated, Woronichin (55) has suggested that Plecto- 
discella may be identical with Molleriella. It appears to be more 
closely related to this genus than to Uleomyces, but actual material 
of Molleriella is not available with which to make a direct comparison. 
The genus, which is older than Uleomyces, is included in the Myrian- 
giales by Amaud (2). 

It is convenient here to treat Elsinoe as a distinct genus, with Plec- 
todiscella and Melanobasidium as synonyms. Plectodiscella piri and 
P. veneta are referred to Elsinoe as E, piri (Wor.), n. comb., and E. 
veneta (Speg.), n. comb. In addition to P. piri and Uleomyces piri, 
synonyms of E, piri are, of course, Gloeosporium pirinum, Hadro- 
trichum piri, H, popvli var. piri, H, pirinum, and Melanobasidium 
malL 
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SUMMARY 


Plectodiscella piri Wor., which causes apple and pear anthracnose, 
a disease of considerable economic importance, is widely distributed 
in Europe. It occurs also in South America, but is not known to be 
established in North America, although it has recently been inter- 
cepted at ports of entry in the United States. 

The morphology, taxonomy, and history of the fungus are discussed. 
Structures termed the ^^epithecium or "‘‘shield^' by Woronichin in 
describing its perfect stage are interpreted as the conidiophores of its 
Sphaceloma or conidial stage. The data presented show that Woro- 
nichin 's reasons for not placing this fungus in the genus Elsinoe are 
invalid, as is also Tiieissen and Sydow basis for separating the fam- 
ilies Elsinoeaceae and Plectodiscellaceae. Although Amaud has trans- 
ferred Plectodiscella to the genus Uleomyces, with consequent nomen- 
clatorial changes, it is suggested that Uleomyces be investigated fur- 
ther before this transfer is accepted. Elsinoe, which Arnaud also 
treats as a synonym of Uleomyces, is here regarded as a distinct 
genus, and Plectodiscella and also Melanobasidium are considered as 
synonyms; Plectodiscella piri and P. reneta are referred to Elsinoe. 
Melanobasidivni malif the type of Melanobasidium, is regarded as a 
synonym of Elsinoe piri. 

IJadrofrichum populiy on poplar, is transferred to the genus Sphace- 
loma. 
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CANKER OF ASH TREES PRODUCED BY A VARIETY 
OF THE OLIVE-TUBERCLE ORGANISM, BACTERIUM 
SAVASTANOI ^ 

By Nellie A. Bkown 

Ai<>tociate Pathologiatj Division of Horticultural Crops ami Diseases^ Bureau of Plant 
Industry^ Vnitcd States Department of Agriculture 

INTRODUCTION 

A canker of the European ash tree, Fraxinus exceUior L., occurs in 
England, Austria., Germany, France, and Italy. It is a stem disease 
of the canker type that progresses slowly from year to year, involving 
the bark and wood and stimulating the growth of the stern at the can- 
kered areas. The disease has not been reported in this country. In 
1922 the writer found what appeared to be bacterial cankers on a 
ISuropean ash tree in one of the parks in Washington, D. C. The 
branches of the tree were badly distorted with cankers, and the tree, 
itself was nearly dead and was being cut down at the time. Some of 
the cankers were secured and from them numerous isolations w^re 
made, but no pathogenic organism similar to that obtained frojii 
European cankers could be isolated. 

REVIEW OF LITERATURE 

Noack in 1893 described and pictured (*ankers on Fmrinits 
excelsior occurring in Germany, lie saw bacteria while studying 
cross sections through the cankers, and concluded that the disease was 
a bacterial one; but he did not isolate the organism or produce the 
d isea se ex i)crimen tally . 

Vuilleiuin ( 8 ) claimed that the ash canker in France was the same 
as the olive-tubercle disease, but he did not give his reasons. He may 
have reached this conclusion because of the fact that the ash tree 
belongs to the sanie natural family as the olive; but there is no regular 
tubercle or knotlike appearance in the ash disease. 

Massee (I, p. o20) described the ash canker as a distinct bacterial 
disease ; 

The 4- <»! 5-ywar-old stems or hranches «)f ytmiiR ash trees are frecjueiitly dis- 
tip;ured by the presence of cankered spots, varying in size from small cracks with 
Uiickened margins, half an inch long, up to rugged patches forming irregular cavitie.s 
in tlie wood, and bounded by irregular outgrow ths of callus, which may extend for 
■several inches. 

In a detailed account of the olive-t\ibercle disease, with a description 
of the olive-tubercle organism, Bacterhm. samstanoi F. Smith, 
Smith ( 6 ) included a pai’agraph about the ash-canker disease, stating 
that cankered stems had been sent to the United States from p]urope 
and that from them the present writer had isolated an infectious 
organism that reproduced typical cankers on both American and 
E^uropean ash trees. At that time and for some years previously 
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Smith had been greatly interested in the olive-tubercle disease. He 
had investigated the aisease and its causal organism, as well as the 
early literature connected with the subject (4, ^, 7). Although aware 
of the relationship of the olive and ash trees, Smith did not agree with 
Vuillemin {8) in the theory that both the olive-tubercle and the ash- 
canker disease were produced hj the same bacterium. This difference 
of opinion, as well as the continued appearance of the olive-tubercle 
disease in the olive groves of California and the discrepancies in the 
tests of the Italian organism isolated from the olive tubercle by Petri 
and described by him (5), influenced Smith to send ash-canker mate- 
rial from Vienna and later olive tubercles from Portofino, Italy, to the 
writer in Washington, D. C. 

THE ASH-CANKER DISEASE 

It was while Smith was in Europe in 1913 that he found ash trees 
badly diseased with cankers. One clump of trees, numbering about 
40, in the neighborhood of Vienna, had more or less of the disease on 
both trunks and branches. Smith believed that by means of fresh 
isolations from the young ash cankers and from young olive tubercles 
the diflFerences between the two organisms could be readily deter- 
mined. Experiments carried out by the wiiter with both the Aus- 
trian and the Italian material convinced Smith that the ash-canker 
organism was a variety of the olive-tubercle organism, Bacterium 
mvastanoi, and not a distinct species as he had supposed. 

Material showing various stages of the ash canker was received in 
Washington a little more than a month after it had been sent from 
Austria by Smith. (Fig. 1, A and B.) The earliest stages showed a 
longitudinal split in the bark, from a few millimeters to a centimeter 
in length, with darkened raised tissue inside the split. The older 
stages showed a spreading out of this split, from which darkened 
corky tissue protruded. The disease did not often extend very far 
into the wood, the thickened portion being mostly bark; but the 
growth of the bark and wood was greatly stimulated, the diameter of 
9ie cankered area being often twice that of the stem above or below' 
the canker. The largest cankers on the trees had not been secured; 
those received varied from 5 mm to 8 cm in length and from 3 mm to 
5 or 6 cm in width. One stem 2.5 cm in diameter was almost encircled 
by cankers. 

The disease disfigures the tree and destroys its commercial value. 
Noack (2) found instances in which leaves ana leafstalks were infected. 
No diseased leaves were received by the writer, but since leaf infection 
of the olive tree is a common conmtion in the olive-tubercle disease, 
Noack is probably correct in his belief that infection may begin in 
leaves and leafstalks of the ash and spread to the stems. 

Cross sectioim through the diseased portions of the cankers received 
from Vienna did not show bacteria in pockets like those in the olive 
etem. A white gummy substance that oozed from the sections was 
always present. This substance was filled with nonmotile particles 
which looked like bacteria but which because of their density could 
not be identified wdth absolute certainty. As the specimens were 
cut a long time before they were received, the condition of the tissues 
was somewhat changed and the bacteria were inactive. 
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Figure l.— a, Ash canker from Vienna, Austria, in various stages of development. Photographed 
on arrival, December 8, 1913. X K>. B, Cross sections througli ash steins; a, healthy; b, dis- 
eased. Natural size 
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ISOLATIONS AND INOCULATIONS 

Numerous sets of plates were poured, but no common colony 
appeared, probably because of the dry condition of the material. 
Various colonies were picked off and inoculations made into young 
American ash trees, FraHnvs americana L. Of nine colonies used, 
three proved to be infectious. Two of these are shown in Figure 2, 
A and B. The control punctures produced no outgrowth. (Fig. 2, 
C and D.) The three colonies were alike in macroscopic appearance; 
all were white and resembled colonies of the olive-tubercle organism 
{Bacterium savastanoi). 

European ash trees w'ere inoculated with very satisfactory results. 
(Fig. 3; fig. 5, C.) The inoculum used was a subculture from an agar 
poured-plate colony. The infection took place niore rapidly than on 
the American ash, and larger cankers, like the original ones from Aus- 
tria, developed. In less than a week water-soaked areas showed 
around the inoculation pricks. A blisterlike sw^elling followed: then 
a split occurred. Later the curled bark and the roughened swellings 
of wood just under the bark extended for some distance out from the 
split. In five months cankers 2.5 cm long had formed. The s])litting 
and darkening, with accompanying protuberances, continued to 
develop for a year or more until a large canker was produced. 

In the spring the tender shoots of olive trees in the greenhouse were 
inoculated with subcultures of the original ash-canker organism. 
The shoots were watched far into the summer, but no well-d(dined 
canker or any indication of a tubercle appeared. Because of a slight 
disturbance in the tissue of the olive stem, it was thought for a time 
that cankers were forniing, but the development did not continue. 
Inoculations on the olive were repeated twice with negative Jesuits. 
(Fig. 4, A and B.) ' . . . 

Inoculations with an actively infectious strain of Bacterium mvas- 
tanoif isolated by the WTiter from olive tubercles received fi*om 
Portofino, Italy, w^re made into both European and American ash 
in four different tests, but neither canker nor tubercle was produced. 
Photogi’aphs of ash stems, some inoculated with the olive-tuberch' 
oi’ganism and others with the ash-canker organism, are showm in 
Figure 5, A and B. 

The virulence of this isolation of Bacterium savastanoi had been 
previously established by repeated successful inoculations and was 
now tested again on olive trees. In two months knots 2 to 2.5 cm in 
diameter had grown at the inoculated places. (Fig. 4, C and D.) 

The ash-caimer organism was reisolated from the cankers produced 
on the inoculated European ash trees, and this reisolated organism 
likewise produced typical cankers when reinoculated into other 
European ash trees. (Fig. 0, B, and fig. 7). Control punctures are 
shown in Figure 6, A. 

The cankers produced by inoculations were studied in cross sections 
stained and unstained, as the original European material, which w^ns 
received a long time after it was cut, had been found unsatisfactory 
for section study. The bacteria were abundant between the cells 
of the cork and the bark parenchyma and also in a slime in the cavities 
fomed by the disintegration of the cells. Here they were seen to be 
motile. There were no pockets, however, as in the olive tubercle. 
That |)acteria were present in the wood, also was proved by isola- 
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tioiis, as the organisms could not with certainty be determined 
microscopically. 

LABORATORY TESTS AND COMPARISONS OF ASH-CANKER AND 
OLIVE-TUBERCLE ORGANISMS 

Although Bacterium savastanoi and the ash-canker organism did 
not cross-inoculate in any of the experiments, cultural and morpholog- 
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Figure S.—European ash steni.s inoculated with the olive-tubercle organism and the ash-canker 
orgaulsm. A, Stem inoculated with the cdivo-tubercle organism April 30, 1915, and photo- 
graphed May 12. 1915. Neither tubercles nor cankers formed. X 5. B, Stem inoculati'd 
with the ash-canker organism April 30, 1916, and photographed May 1':. 1016. X 6. C, Stem 
inoculated with the ash-canker organism May 7, 1916, and photographed October 10, 1918. 
Natural size 

ical tests showed tliem to possess a marked degree of similarity, and 
it is thought that they must be closely related species or varieties of 
the same organism exhibiting individual host tendencies. Com- 
parisons were made, not only with the usual laboratory tests but also 
with the tests which Petri (S) used in his study of Bacterium savastanoi 
and which he published in 1909. (Tables 1 and 2.) 


Fir. u It e 0. —European aah stems inoculated with a reisolation colony of the lUsh-canker organism. 
A, Controls punctured with a sterile needle; B, stems imK'ulatcd with roisolation colony July 
13, 1914; photographed August 10, 1914. All natural sise 




Fiovbe 7. —European ash Inoculatod July 13, 1914. with organism reisolated from a canker pro- 
duced on American ash; photographed October 49, 1918. Note cankers forming on small stem. 
Inoculations were made only on large stem. A little less than natural siae 
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2 . — Comparison of cultural and physiological tests of the oUve-iuhercle organism {Forlofino strain) and of the ash-canker organism with 

Petri'S tests of his olive-tuberde strain — Continued 
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The detailed cultural work outlined in Tables 1 and 2 was carried 
out in order to ascertain whether the differences between the ash- 
canker and the olive-tubercle organisms would justify the separation 
of the ash organism as a distinct spe<*ies. 

Although the olive-tubercle and the ash-canker organisms did not 
(‘Toss-inoculate in any of the tests and differed in some of their cultural 
characters, they were alike in the majority of the tests; morpholog- 
ically they are essentially alike. The differem'C may be accounted for 
by the influence of the host on its particular parasite, an influence 
which has persisted to a marked degree during the 17 years in which 
the two organisms have been subcultured. The ash-canker organism, 
therefore, has not been made a separate species, but is here regarded 
as a variety of the olive-tubercle organism, Bacterium samManoij for 
which the varietal n&nie frarlni is suggested. 

The differences between Petri’s olive-tubercle organism and the one 
used for this work (Portofino isolation) as indicated in Tables 1 and 2 
are probably due to the differences in strains of the same organism. 
It may be noted tiiat Petri’s results correspond sometimes to those 
of)tained with the olive-tubercle (Portofino) organism, sometimes to 
those obtained with the ash-canker organism, and sometimes to 
neither. Occasionally it happens that all three organisms give similar 
results. It is known that various bacteria exist in a variety of strains, 
and undoubtedly the olive-tubercle organism is no exception. 

THE NEW VARIETY AND THE TYPE SPECIES COMPARED 
Bacterium savastanoi fraxitii, ti. var. 

The variety Jraxini ditfcTK from Bacterium mvaataiwi mainly in si)eoifie host 
reactions, for the two orjsanisms are only slightly separable ))y cultural or morpho- 
logical characters. Table 3 shows the important differences between the two 
organisms. 

Tajile 3. — ('omparisori of Bader i am mrattianoif ratlin if v. ear., with Bad. savantanoi 
I tom Hnot. sttvMStanoi fraxini liaot. savasltuioi 


i’aMiogoiiit'iiy ; J’roduoos (Wikors on ash trw.s is , Crodijoos liiberolo.s on olive iroos; is 

no( inffotioiKS to olivo froos. j not infootimis to ash troos. 

1'nmporat.uro. rango i 1o C j 12® to (\ 

pil raiigt* . .. . ! •‘J.ii 1,0 . -.1 to 9-f . 

Cohn’s .solution .. ... i A grmi ttjJor tlovoJopsin oliHlask Nogrfcn ndoriu old Hask njltnres. 

cultums. ! 

Size of organisms from cultures ; 1.2fi to3.3AiXO.4M toO..V to I.5 a*X0.4ai Io O-.S/x. 

of same age and slaineti the i 
.snm<». 


TREATMENT OF THE DISEASE 

The organism causing canker on ash, like the. olive-tubercle organ- 
ism, is a w^ound parasite, and the treatment recommended for olive 
trees affected with tubercles may be suggested for the ash trees affected 
with cankers, namely, skillful pruning. As is usually recommended 
in treatment of tliis kind, the cut surfaces should be disinfected, as 
well as the pruning knives each time they are used. 

Possibly a germicidal spray or germicidal ])aint might be used 
effectively at the earliest stage of the disease, when the split in the 
bark is very small and fairly regular; but in the later stage, when the 
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bark has become corrugated and corky, such treatment would result 
only in destroying the surface bacteria. 

Since a slime containing bacteria oozes from the cankers when they 
are moist, it is quite possible that the disease may be spread from one 
branch to another by rain, the organism entering the tissues through 
very small woimds. 

SUMMARY 

A bacterial organism isolated from a canker disease of the European 
ash tree is likewise infectious to the American ash, causing the same 
type of lesion. The disease has not been reported on the American 
ash in this country. The cankers of the European ash vary in size 
from small cracks with thickened margins to irregular fluted out- 
growths several inches in length and width, with cavities extending 
into the wood. They increase in size and number from year to year 
on both trunk and branches. 

The organism isolated from the ash cankers is similar to Bacterium 
savastanoi E. F. Smith, which produces tubercles on olive trees in 
California, Italv, and other countries. Although the organisms do 
not cross-inoculate — the ash proving noninfectious to the olive and 
the olive noninfectious to the ash— both cultural and morphological 
tests show that they are essentially alike. The ash-canker organism 
is therefore regarded as a variety of the olive-tubercle organism, Bad. 
savastanoi, ana the name Bad. savastanoi yariety fraxini is suggested. 
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NITROGEN-BALANCE STUDIES WITH VARIOUS FISH 

MEALS ^ 


By Burch H. Schneider 

AHsisiani in Animal Husbandry^ Animal Husbandry Department^ New York 
(Cornell) Agricultural Experiment Station 

INTRODUCTION 

In an earlier report ^ of fish-meal studies by the agricultural experi- 
ment station at Cornell University, it was shown that, as measured 
by growth experiments with rats, the protein of a vacuum-dried white 
fish meal was superior to that of a steam-dried menhaden meal. 
Both products proved superior to a flame-dried menhaden meal. 
It seemed probable that the differences in heat treatment were 
responsible, at least in part, for the differences in protein efficiency. 
It was recognized that the effect of higher temperature might show’ 
itself either in a lower digestibility or in a lower utilization of the 
absorbed nitrogen. It w’as therefore deemed desirable to extend the 
previous studies by the use of methods which would give more spe- 
cific information regarding the differences in protein efficiency.* The 
present paper reports the results of nitrogen-balance studies in w^hich 
the three products previously mentioned were fed to rats and pigs. 

The vacuum-dried white fish meal was a commercial product and 
consisted of the heads, tails, fins, and adhering flesh obtained as a 
by-product of the fillet industry and dried in vacuum under 105® F. 
It did not contain the entrails. The flame-dried menhaden meal was 
also a commercial product containing the whole fish, less most of the 
oil. This product w as dried by direct heat at temperatures of approx- 
imately 500® F. The steam-dried menhaden meal w as a product 
experimentally produced by the Bureau of Fisheries.^ As compared 
with the flame-dried meal, it was undoubtedly more carefully handled 
throughout the manufactuiing process as well as dried at a much lower 
temperature. The analyses of the samples used in the present study 
are shown in Table 1. Tw^o experiments with growing rats and one 
with growing pigs were carried out, in wliich Mitcheirs method * of 
computing the biological values from the nitrogen-balance data w as 
used. 

Table 1 . — Percentage analyses of the fish meals studied 


Fish meal 


Flame-dried menhaden. 
Steam-dried menhaden. 
Vacaom-dried white... 


1 Moi.sture 

J 

Ash 

Crude 

protein 

F.thcr 

extract 

.6. 12 

21.13 

.67.96 

6. 13 

7.00 i 

16.60 

59.68 

11.83 

i 9.90 I 

! i 

19.25 

62.02 

2.63 


1 Received tor publication Dec. 4, 1931; issued May, 1932. This paper presents a part of a thesis pre- 
sented to the graduate school of Cornell University in partial fulfillment of the requirements for the 
degree of doctor of philosophy. 

a Maynabd, L. A., Bendbr, R. C., and McOat, C. M. vitamin a and protein studies wite various 
PISH MEALS. Jour. AgT. Research 44: 691-603, lllus. 1932. ^ , 

» Harrison, K. W. the menhaden industry. U. S. Dept. Com., Bur. Fisheries Invest. Rpt. 1. 
113p.,mus. 1931. , 

* MSTCilEM., H. H. A METHOD OF DETERMINING THE BIOLOGICAL VALUE OF PROTEIN. Jour. Biol, Chem. 
.68: 873-903. 1924. 
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RAT EXPERIMENTS 

In each experiment six rats were used. In the first, three females 
were included, but in the second, males only were employed. After 
from five to seven days on a nitrogen-free ration consisting of 15 per 
cent of butterfat, 12 per cent of lard, 2 per cent of cod-liver oil, 4 per 
cent of salt mixture (Osborne and Mendel), and 67 per cent of starch, 
the urine and feces were collected for a 7-day period. Then followed 
three 10-day experimental periods in which the three fish meals vrere 
fed at such levels that their proteins formed 10 per cent of the ration, 
the calorific and mineral content being kept the same. Vitamin B 
concentrate (Osborne and Wakeman) was included in the ration in 
the first experiment at a 0.15 per cent level and in the second experi- 
ment at a 1.6 per cent level.® The collections of excreta were made 
the last seven days of each 10-day period. The experiments were 
each ended as they were begun, with a nitrogen-free period. The 
diets and all the excreta were analyzed for total nitrogen by the 
Kjeldahl method. 

The data obtained in the first and second rat experiments are sum- 
marized in Tables 2 and 3 respectively. The two values, the digestion 
coefficient and the biological value, express as percentages the part of 
the food nitrogen which is reahzed by the body at each of the two 
points in the organism where waste occui*s. The digestion coefficient 
represents the percentage of crude protein (N X 6.25) digested and thus 
saved for body use. The biological value expresses the percentage of 
absorbed protein which has been used in anabolism. 

By averaging all the protein-digestion coefficients obtained for a 
given product, as listed in Tables 2 and 3, the following mean values 
are obtained: Flame-dried menhaden meal, 62.21 1.15; steam-dried 
mendaden meal, 73.2 ±0.96; vacuum-dried white meal, 80.7 ±0.73. 
Thus, the vacuum-dried white fish meal show'cd an advantage of 
7.5 ± 1 .20 over steam-dried menhaden, the difference being 6.2 times its 
probable error. The digestibility of the steam-dried nienhadeii showed 
an advantage of 11.0 ±1.50 over the flame-dried menhaden fish meal, 
the difference being 7.3 times its probable error. 

By averaging the biological values in Tables 2 and 3 the following 
mean values are obtained: Flame-dried mendaden meal, 71.7 ± 1.54; 
steam-dried menhaden meal, 77.4 ±3.15; vacuum-dried white meal, 
83.4 ± 1.83. Analysis of these averages of values from both Table 2 
and Table 3 reveals the fact that the difference of 5.7 ± 3.51 between the 
biological values of flame-dried menhaden and steam-dried menhaden 
is not significant. The same is true of the difference of 6.0 ±3.64 
between steam-dried menhaden and vacuum-dehydrated white fish 
meal. The large probable errors which keep these differences from 
being considered significant are due primariljr to the high degree of 
variation shown by certain of the values obtained in the first experi- 
ment, which will be discussed later. The difference of 11.7 ±2.39 
between flame-dried menhaden and vacuum-dried white fish meal is 
clearly significant, the difference being 4.9 times its probable error. 
The white fish nieal is shown to be distinctly more efficiently used in 
anabolism than is the flanie-dried menhaden. This is borne out by 
the swine experiment, which is discussed later. 


* In the tint experiment, a minlmiim amount of vitamin B concentrate waa used to avoid too fireat on 
' addition of nitrogen from a aourco other than meal. The larger amount used in the second experiinen t 

was based upon a test of the potency of the product used. 
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The data from both rat experiments indicate the probability that 
the position of the biological value of steam-dried menhaden is inter- 
mediate between the biological values of the other two fish meals 
studied. If the data of the second rat experiment (Table 3) are taken 
separately, this is more definitely sho^n. In drawing conclusions 
regarding the biological values, the author believes that the results of 
the second rat experiment are much more accurate than those of the 
first. The potency of the vitamin B concentrate was tested prior to 
the second experiment, and as a result a much larger quantity was 
used than in the first experiment. Larger food consumption and more 
nearly normal growth resulted. Also, as the most erratic biological 
values in the first experiment occurred with female rats, only males 
were used in the second experiment. Further, it is likelv that during 
the second experiment the author was more adept in all the technics 
involved. There were no widely diverging values in the second experi- 
ment This resulted in much smaller probable errors, even though 
the average values of the second experiment in<‘luded only half as 
many observations as were included in the two experiments. 

The average biological values obtained in the second rat experi- 
ment are 72.7 ±0.86, 80.2 ±0.91, and 84.7 ±0.95 for the proteins 
of flame-dried menhaden, steam-dried menhaden, and vaciiuiii-dried 
white meal, respectively. The white fish meal shows an advantage 
over steam-dried menhaden of 4.5 ± 1.32, the difference being 3.4 times 
its probable error. The steam-dried menhaden shows an advantage 
over the flame-dried menhaden of 7.5 ±1.25, the difference being 6.1 
times its probable error. Thus, on the basis of the second rat experi- 
ment taken alone, it is not necessary to resort to inference to decide 
that the position of the steam-dried product is intermediate between 
the other tw^o fish meals with respect to the utilization of its protein 
after absorption. The second experiment when taken alone also 
shows the greater biological value of the white fish meal as compared 
with the flame-dried menhaden by the more significant difteroiice of 
12.0 ± 1.28, the difl’erence being 9.4 times its probable enor. 

THE SWINE EXPERIMENT 

As fish meal is primarily a swrine and poultry feed, a further com- 
parison in which only the two commercial meals, flame-dried men- 
haden and vacuum-dried white meal, were used was made with swine. 
Twro youn^ Berkshire barrows from the same litter, w^eighing 37.3 
and 31.8 kilograms, respectively, wrere used. Essentially the same 
technic was follow ed as with rats. The pigs required a much longer 
nitrogen-free feeding period before the endogenous level of nitrogen 
excretion was reached. Daily samples of urine were taken after the 
second week until what appeared to be a constant and sufficiently 
low level was reached. 

After several attempts, a nitrogen-free ration w as mixed with which 
it wras possible to secure more or less umform excretion of feces. Before 
collections w^ere made, the composition of the nitrogen-free ration 
was established at 8 per cent of cellophane, 4 per cent of a mineral 
mixture, and 88 per cent of starch. The mineral mixture consisted 
of 40 parts of calcium phosphate, 40 parts of ground limestone, 20 
parts of sodium chloride, andf 1 part of ferrous sulphate. This ration 
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was used from five days prior to the first nitrogen-free collection period 
through this period. It was also used in the final nitrogen-free period. 
Pig No. 1 was inclined at first to be somewhat irregular in fecal excre- 
tion. During the last day of what was intended to be the first 7-day 
nitrogen-free collection period, he excreted no feces at all. This day 
was aiscarded and only six days counted for this first period. 

The plan followed in the swine experiment was as follows: 


Preliminary period on nitrogen-frcc ration 19 days. 

Collection period on nitrogen-free ration 7 days. 

Preliminary period on fish-meal rations 5 days. 

Collection period on fish-meal rations- - 7 days. 

Collection period on fish-meal rations 7 days. 

Preliminary period on fish-meal rations 5 days. 

Collection period on fish-meal rations . _ 7 days. 

Collection period on fish- meal rations 7 days. 

Preliminary period on nirogen-free ration 5 days. 

Collection period on nitrogen-free ration 7 days. 


During the first preliminary period on the fish-meal rations, and the 
two collection ponods following, pig No. 1 received the flame-dried 
menhaden fish meal ration, and pig No. 2 received the vacuum-dried 
white fish meal ration. During the second preliminary period in 
which the fish-meal rations were fed, the rations were reversed so 
that pig No, 1 received the white meal and pig No. 2 the menhaden 
meal. 

As in the rat experiments, in the swine experiment the fish meals 
were mixed with the nitrogen-free ration at such levels that their 
proteins formed 10 per cent of the ration. The fish meal replaced 
part of the starch and minerals of the nitrogen-free ration. Only 
enough mineral mixture w as added to make the total mineral content 
of each ration 4 per cent. The rations used are shown in Table 4. 
Cod-liver oil was fed at the rate of 16 g per pig per day. 

The pigs were fed twice a day. Throughout the experiment the 
rations fed each day were entirely consumed; therefore no refused 
feed had to be accounted for. Each pig vomited slightly once during 
the last fish-meal collection period, but the amount involved less than 
1 gram of dry matter. It w^as concluded that the amount of nitrogen 
lost was insignificant as compared with the weekly nitrogen intake. 

Table 4. — Com posit Inn of the fish meal rations used in the swine feeding experiment 



Composi- 

Composi- 


lion of the 

tion of The 

ConKtituont 

name-dried 

menhaden 

vacuum- 
dried while 


nsh meal 

fish meal 


mtion 

ration 


Farts 

Parts 

Fishmeal . 

lfi.88 

14.8.3 

Starch... 

73.62 

74.17 

Mineral mUturc 

..W 

1.00 

Cellophane .. 

8.00 

8.00 

Yeast - 

2.00 
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The results of the swine experiment are shown in Table 5. This 
limited experiment, in which only two pigs were used, is in reality of 
greater significance than would be the case if the data were not in 
element with those from the 12 rats. The results with even two 
pigs are significant under such circumstances. Attention is called 
to the fact that the rat rations and the pig rations were not entirely 
comparable. The fish-meal proteins were present in each at a 10 
per cent level by analysis. However, because of the high fat content 
of the rat rations the percentage of protein calories was only 8 per 
cent, whereas with the swine rations the cellophane and mineral 
content caused the percentage of protem calories to be 12 per cent, if 
it is assumed that no calories are derived from the cellophane. 

An inspection of the digestion coefficients and biological values in 
Table 5 shows clearly that the pig experiment supports the work 
with rats in showing the superiority of the proteins of the white fish 
meal. Since the data were furnished by only two animals, the values 
were not averaged nor treated statistically. It is evident however, 
that the protein of the vacuum-dried white fish meal was decidedly 
more efficient than the protein of the flame-dried menhaden fish meal, 
with each pig, in both digestion and anabolism. It will be noticed that 
throughout the experiment pig No. 2 tended to utilize protein more 
efficiently than pig No. 1. 

The experiments described in this paper confirm those of Maynard, 
Bender, and McCay ® in showing that the products studied rank in 
the following order as regards protein efficiency: Vacuum-dried 
white fish meal, steam-dried menhaden meal, flame-dried menhaden 
meal. In addition, they supply more specific and quantitative infor- 
niation in showing that the differences result in part from differences 
in digestibility and in part from differences in the utilization of the 
absorbed nitrogen. Further, they indicate that the results obtained 
with the rats hold also for growing pigs and thus furnish further 
evidence as to the usefulness of the rat for pilot experiments with 
swine rations. In view of the fact that fish meals are used primarily 
as protein supplements in both swine and poultry rations, the results 
obtained with the two commercial meals are of obvious practical 
importance. They suggest the desirability of further studies, not 
only of various products now sold for stock feeding, but also of .the 
conditions both as to raw material and processing which^ provide 
proteins of high biological value. 

SUMMARY 

In two nitrogen-balance studies involving a total of 12 growing 
rats the products studied w^ere found to rank in the following order as 
regards the digestibility of their proteins: Vacuum-dried white fish 
meal, steam-dried menhaden meal, flame-dried menhaden meal. A 
comparison of the white meal and the flame-dried menhaden by the 
same procedure with two growing pigs produced results similar to 
those obtained with the rats. 

In both rat experiments and in the swine experiment the vacuum- 
dried white meal proved significantly superior to the flame-dried 

• Maynard, L. A., Bender, R. C., and McCay, C, M, Op. cit. 
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menhaden as regards the utilization of the absorbed nitrogen. In 
both rat experiments the white meal proved numerically superior in 
this respect to the steam-dried menhaden, and the latter numerically 
superior to the dame-dried product, but these differences were 
biometrically significant in the case of the second experiment only. 
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A CYTOLOGICAL STUDY OP HETEROTHALLISM IN 
PUCCINIA TRITICINA' 


By Ruth F. Allbn * 

Pathologist Division of Cereal Crops and Diseases^ Bureau of Plant Industry^ 
United States Department of Agriculture, and Associate in Agronomy, AgricuU 
tural Experiment Station, University of California 

INTRODUCTION 

The announcement by Craigie in 1927 of heterothallism in the rusts 
has opened up a new field of research of both theoretic and practical 
interest. The first p^er (7) ^ in which experimental proof was given 
of heterothallism in Puccinia helianthi Schw. was soon followed by a 
second paper (5, p. 765), presenting similar proof for P. graminw Pers. 
Here, too, evidence was given that the pycnia or sperinogoriia are 
not, 

as many botanists have supposed, male conceptacles producing non-functional 
spermatia, but are active organs having a non-male function which they carry 
out through the agency of flies. ♦ ♦ ♦ the mycelium, pycnia, and pycnospores 

of some of the pustules were (+) in sex, w^hcrcas the inyoeliurn, pycnia, and pyc- 
nospores of other pustules were (— ) in sex. 

When a monosporidial pustule is kept isolated it produces pycnio- 
spores (haploid) but no aeciospores (diploid). But when the nectar 
(exudate containing the spores) of a ( + ) infection is transferred to the 
nectar of a (— ) infection (or vice versa), aeciospores form. The pyc- 
niospores (spermatia) bring about the change from the haploid to the 
diploid phase. 

In a third paper by Craigie (9) additional data are given in support 
of the above conclusions, and field observations are recorded which 
indicate that Puccinia coronaia Cda., P, pringsheimiami Kleb., and 
Gymnosporangium sp. also are heterothallic. 

While these studies established the fact of heterothallism in Puc- 
dnia qraminis, nothing was yet known of the actual process taking 
plac^e in the host plant. However, in 1929 Hanna {12) published a 
preliminary accoimt of studies in this field. He found that in the 
pustule of monosporidial origin the mycelium and pycnia are uni- 
nucleate and that such an infection produces, near the lower epidermis 
of the leaf, sterile wefts, ** which appear to be crescent-shaped m trans- 
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verse sections of the leaf*' and which ‘*are evidently haploid rudi- 
ments of aecial cups waiting to be stimulated into further develop- 
mental activity.” He observed that pycniospores germinate^ the 
largest germ tube seen being 15Mlong) and that in the infection to which 
pycniospores of opposite sex have been transferred, the sporop^te 

f eneration appears and open aecia develop. He found that the first 
inucleate cells are formed in the base of the aecium by the fusion of 
cells in pairs in the manner described by Christman (6'), the fusion cell 
becoming the basal cell of a spore chain. 

In a paper covering the same ground the writer (7) agrees in the 
main with Hanna’s observations but finds evidence that the sporo- 
phyte generation begins earlier. Mycelial cells with more than one 
nucleus have been found at the pycniurn, in the inycelium, and in the 
young aecium before the sporogenous layer was dinerentiated. Fusion 
of cells at the base of the aecium to form 2-legged basal cells has not 
been seen. 

The fact that in certain rusts the two cells that fuse to initiate the 
diploid generation come of different parents suggests the possibility 
that physiologic forma and varieties of those rusts may hybridize on 
the aecial host and that new physiologic forms may arise from such 
crosses. Experiments along this line are in progress in several labora- 
tories and preliminary reports of three of these {16, 18, 20) have been 
published. 

Waterhouse {20) in Australia crossed two physiologic^ forms of 
Puccinia graminis tritici Eriks, and Heim, on the barberry and ob- 
tained from the cross two physiologic forms new to that continent. 

According to Stakman, Levine, and Cotter {18), crosses between 
Puccinia graminis tritici and P. graminis agrostidis Eriks, may result 
in a number of physiologic forms of tritici, some previously known 
and others new to science. From one cross eight physiologic forms 
were isolated, apparently from the spores of a single aecial cup. From 
crosses between P. graminis tritici and P. graminis secalis Eriks, 
and Henn., the parental forms were recovered, together with other 
physioloric forms, some of which were new. In long-continued ure- 
dinial cultures of C/ertain physiologic forms of tritici new physiologic, 
forms have appeared by mutation. 

According to Newton, Johnson, and Brown {16), the selfin^ of a 
physiologic form may result in several forms, some known previously 
and others new to science. Only one of the physiologic forms used 
in their experiment proved homozygous. They found that when 2 
physiologic forms were crossed, in a few cases a parent form reappeared, 
but more commonly a different form appeared, and that when the mixed 
exudate of 8 physiologic forms was used in crosses, 17 forms appeared, 
of which 7 were new. Spores from each aecial cup in this experiment 
were cultured separately; in 95 per cent of the oases only 1 physio- 
logic form was isolated from each cup. 

Andrus {3) in a paper * presents an account of the gametophy tic 
development and fertilization of Uromyces appendiculatus (Pers.) 
Fries and other rusts. Andrus found that in tf, appendiculatus the 
sporidium gives rise to a haploid mycelium that bears spermogonia 
and trichogynes. He states that the gametophytic hyphae which 


* A pi^r delivflred before the myooloKioel teotlon of the Botaoioal Booiety of Amerloa in Deeember, 
isaa and made available to the present writer through the courtesy of Its author. A report of this inves* 
tigatlon <5) has appeared siaoe the present p^ier was prepared. 
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function as trichogynes are much branched and highly septate 
organs, having their terminus at the epidermis of the host leaf where 
they project through stomata or between epidermal cells and make 
contact with spermatia. Andrus found that the rust is heterothallic — 
an isolated infection remains haploid. When spermatia from one 
infection are transferred to a different infection and applied to the 
leaf surface, the nuclei of the spermatia enter the trichogynes and 
pass to their base, where they become associated with the native nuclei 
to form the beginning of the sporophyte generation. By proliferation 
of these cells, and sometimes by supplementary fusions, a sporogenous 
layer of binucleate cells is formed from which spring the spore chains 
of diploid cells. The Christman theory of fertilization (^?) in rusts is 
held to be no longer tenable. 

Much cytologic work on the aecial generation of rusts (/) was 
published prior to the discovery of heterothallism in this ^oup. In 
such investigations stages of the isolated sterile infection, if acciden- 
tally encountered in the material studied, would either be incorporated 
with the rest as a part of the story of development of the fertile 
infection or be cast out as pathologic.^' Moreover, previously 
accepted observations as to the mode of origin of the sporophyte 
generation in the aecium are now in need of a critical repetition in 
the lig:ht of recent discoveries. In order to further the knowled^ of 
the microscopic details of heterothallism, a cytologic study of IPuc- 
cinia triticina Eriks, was undertaken by the writer. 

MATERIALS AND METHODS 

Spores of Pv-ccinia triticina were obtained from E. B. Mains, H. B. 
Humphrey, Margaret Newton, and C. O. Johnston, and plants of 
Thalicirum jlavum L. were obtained from E. B. Mains. Seed of 
another species of Thalictrum was purchased as 2\ delavayi Franch., 
but was probably T. dipterocarpum Franch. The plants proved 
susceptible to the rust. 

The plants were grown in the greenhouse, and the experiments were 
carried out there. The straw bearing teliospores was placed in looso- 
mesh cloth ba^. A part was kept in cold storage, and the rest was 
kept in the field, in a partly shaded spot on the ground. The latter 
method proved the more satisfactory. 

In inoculating, watch crystals were filled with mud; bits of the 
rusted straw were soaked in rain water several hours and sprayed 
with an atomizer to stimulate germination, then pressed into the mud, 
with the spores exposed, and sprayed again. A bit of wet sphagnum 
was wrapped around the base of each plant. Tall glass tumblers 
with the bottoms removed and the sides lined with wet paper were 
placed over the plants and the mud-filled crystals used as lids. A 
layer of wet paper was folded down over the top and held in place 
with a rubber band. This placed the rusted straw directly above 
the leaves, and as the spoiidia were formed and set free they fell on 
the leaves. The whole was placed under a greenhouse bench for 
48 hours, then uncovered and replaced on the bench. 

The inoculated plants were covered with tarlatan cages to exclude 
insects. These cages were effective in excluding flying insects, but 
did not keep out thrips or red spiders. Every effort was made to 
keep the plants free from these latter; but, despite precautions, 
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occasional infections were fertilized through their agency. The 
infections were studied and greenhouse records of them were kept. 

Material was fixed daily for the first three weeks and at loMer 
intervals from then on until the infections were 6 weeks old. Ine 
fixing fluids used were chrom-acetic fonnalin and Flemming^s medium 
and weak solutions. Of these, Flemming’s weak solution was most 
trustworthy. The material, after remaining 36 to 48 hours in the 
fixing fluid, was washed, dehydrated, and embedded in 50^ paraffin. 
The principal stains used were safranine and methylene blue. 

INVESTIGATIONS 

ENTRANCE AND DEVELOPMENT OP MYCELIUM 

After 24 hours in the inoculating chamber some of the teliospores 
had germinated, the promycelia had produced and freed sporidia 
which had fallen on the leaves, and some of the sporidia had then 
germinated and entered the epidermal cells of the leaves. 

Plate 1, A, shows an epidermal cell with the young rust fungus 
from a 1-day infection.® The host cell is somewhat plasmolyzed. 
Flemmmg’s medium solution, used in fixing this preparation, proved 
too strong for Thalictrum leaves. On the outer surface of the cell 
is the sporidium (a), which is only partly evacuated. Even in older 
preparations there is sometimes a remnant of the spore plasm left in 
the sporidium. The bulk of the sporidial content has entered to 
form the sacklike mass (6) within the epidermal cell. There are 
apparently six nuclei in this cell. A comparison with later stages 
(pi. 1, B and C) makes this seem doubtful, or at least exceptional. 
However, it would be expected that one or two nuclear divisions 
would take place before septation. 

Plate 1, B, a, shows a newly septate primary hypha. It is slender, 
consisting of three uninucleate cells, and runs diagonally across the 
epiderrafu cell. 

The primary hvpha develops further, growing apically to form new 
cells, while the older cells become thicker and heavier and put forth 
branches. In Plate 1, C, drawn from a 2-day infection, is a 4-cell 
primary hypha (a-d) and the renmant of the original sporidium (e). 
The two older cells (c and d) have thickened and produced short 
branches. Their cytoplasm is vacuolate, much of it having flowed 
out into the branenes, but the nuclei are still in the parent cells. 
The two younger cells (a and h) are still slender, dense, and un- 
branched. 

In the later growth the primary hypha and its branches become 
heavier and somewhat tanj^d, and it is often difficult to trace their 
course. Plate 1, Di and D 2 , shows successive sections of a 3-day 

* For the sake of uniformity and eleamess, the drawings are oriented in the plates as the tissues are in the 
leaf. i. e., having the tissues nearest the upper surfiice of the leaf uppermost In the drawing. 


EXPLANATORY LEGEND FOR PLATE 1 

A. — One-day infection. The sporidium (a) has germinated and entered the epidermal cell at 6. X 1,020. 

B. >-Two-day infection. Primary hypha (a) oompoeed of three uninucleate cells. X 1,020. 

Four-cell primary hypha (o-d) and remnant of sporidial wall «) from 2-day infection. The older 
cells (e and d) are pushing out branches. X 1,020. 

. Di euEtd Ds.-~Sucoe^ve sections of a 3«day infootion showing primary hypha (D|, e, and Ds, c) and its 
<Pj, a, 6, and d, and Di, a, 6. and d). X 1,020. 

fir-Thieiklay infection. Primary hypha entered at e, grew to /, and doubled back to 6. Branches at 
0» d, gvd#.; X 1,020. 
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infection. The primary hypha entered at Di, c, swung to the left 
then curved back to the right, ending at Dj, c. Apparently, the ter- 
minal cell (D 2 , c) is unbranched. Not less than 6 branches (and 
probably more) have formed and otowii out of the host cell, 2 into 
other cells (pi, 1, Di, a, and D 2 , a), and 4 into intercellular spaces 
(pi. 1, D|, h and c/, and D 2 , a and 6). 

In contrast to Puccinia grarnmu (1 ), these branches from the pri- 
maiw hypha do not make their exit from the epidermal cell through a 
small pore in the host cell wall, but from a relatively large hole often 
equal in diameter to the hypha. This is evident in Plate 1, Di and 
D 2 , and shows still more clearly in Plate 1, E. Here (pi. 1, E) the 
rust entered at c, and the priniaiy hypha swung to the right at /, 
then doubled back to b. It consists of 6 cells, of w^hich the 4 older 
have branched and are now more or less evacuated, while the 2 
younger are still un branched. Three of the large vigorous branches 
are undiminished in diameter at the point of exit from the epidermal 
cell. (PI. 1, E, a, (/, and e.) These branches are making their way 
down between the palisade cells to the more open air spaces below. 

Progress by the fourth day is showm in Plate 2, A. The primary 
hypha has entered at d and curved around to 6. As before, the pri- 
mary hypha itself does not leave the host cell, and its terminal cell 
{h) is unbraiKihed. Branches at a and c have grown down into the 
host tissues, forming the mycelium. Ordinarily a cell of the primary 
hypha gives rise to only one branch. The cell at rf, however, has 
formed two branches, neither of which is effective. 

Once the mycelium is established, little or no further development 
occurs at the point of entry, and degenerative changes of the primary 
hypha set in. Plate 2, B, drawn from a 7-day infection, show^s the 
primary hypha (a) breaking down, but a rich growth of branching 
hyphae radiates from it. This mycelium is haploid. The rapidly 
growing terminal cell of a hypha, however, may have two nuclei just 
before a septum divides it into two cells. (Pi. 2, B, c.) Rarely, 
there may be more than two. (PI. 2, B, d,) 

By the seventh day another change usually is noticeable. Plate 
2, C, a and 6, shows the primary hypha (divided in sectioning) coated 
by a layer of material staining like the host cell walls and possibly 
serving as a defense of the host against the intruder. 

This sheath persists for a time after the primary hypha that it 
incloses has disintegrated, and becomes of value in later studies. 
Whether an infected area is of monosporidial or of inultisporidial 
origin may be determined by the presence of one or of more than one 
sheath in the cells of the upper epidermis. 

After leaving the epidermal cell the hyphae make their way down 
to the large air spaces of the spoi^y mesophyll. Ordinarily, they 
follow intercellular channels, passing through the natural spaces 
between palisade c>ells or, in case of need, forcing a passage by splitting 


EXPLANATORY LEGEND FOR PLATE 2 

A. — Four-day infection with primary hypha (6 and d) and branches forming intercallular mycelium (a 
andc). X 1,020. 

B. -‘Seven-day infection with primary hypha (a), mycelium (c and d), and haustorium (0). X 1,020. 

C. — Seven-day Infe^ion with degenerating hypha (a and b) insheathed in cell-wall materials, and haus- 
torium (c). X 1,020. 

D. — Three-oell haustorium or hypha <o) in palisade cell of 4-day infection. X 1,020. 

£.— -Eleven-day infection with remnant of primary hypha (a) ^ving rise to the hypha c-d which passes 
through the palisade cell fr-e. X l«020. 
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in two the wall between two palisade cells. (PL 1, Di, d, and E, 
a and d.) 

More rarely a hypha will attempt to grow through a palisade cell. 
Plate 2, D, a, shows a 3-cell hvpna in a palisade cell. It is inter- 
mediate in character between a hypha and a haustorium and perhaps 
would not have grown further. In Plate 2, E (from an 11-day infec- 
tion), however, the attempt to grow through a palisade cell has been 
successful. From the primary hypha (a), now aisintegrated and mis- 
shapen, a hypha (c) entered the palisade cell (6-e), grew down through 
it and then out at d. The palisade cell and much of the hypha within 
it are dead. 

The developing mycelium extracts food from the host cells by means 
of haustoria. These may be small, 1-cell, and unbranched, or they 
may be larger and more complicated. Examples of simpler haustoria 
are shown in Plate 2, C, c, and B, 6, and in Plate 3, A, c, and D, h. 
Larger, branched haustoria consisting of more than one cell are 
shown in Plate 3, E, a, F, a, and G, a. In old age the haustoria, like 
the primary hyphae, often become insheathed in mateiials staining 
like host cell walls. 

SPERMOGONIA AND RECEPTIVE HYPHAE 

After six or seven days of vegetative growth, during which the 
mycelium spreads thro i^h the air spaces of the mesophyll, reproduc- 
tive activity sets in. I^phae grow to both the upper and the lower 
epidermis, giving rise there to spermogonia (pyemia) and to receptive 
hyphae. 

When a spermogonium is to form, hyphae grow to the epidermis 
(upper or lower) and form a small compact group of dense, well- 
nourished cells in contact with the epiaermal layer. Plate 3, A, 
shows an early stage of this process. Even at this early stage there 
is a beginning of organization, for hyphae at a and d are slanting up 
toward a common center at 6. 

Soon after this a more definite arrangement of hyphae is evident. 
In a median section through a young spermogonium from a 7-day 
infection (pi. 3, B), the hyphae growing in from all sides are definitely 
centered at 6. The slender hyphae at a and c, close to the epidermis 
and nearly parallel to it, will become the paraphyses. The thick 
upright hyphae at h will become the buffer cells that lift the epidermis 
and resist its pressure. 

Plate 3, C, shows a later stage of development. The bufft^r cells 
at c have become heavy upright columnar cells pressed against the 
epidermis. Their cytoplasm has taken on the open alveolar structure 
characteristic of buffer cells. Growing in between the buffer cells 
from the base and sides at 6, d, and e are the first of the young sperma- 
tiophores that later will produce spermatia. At a and / are the young 

EXPLANATORY LEGEND FOR PLATE 3 

A. — Detail of 7-day infection showing beginning of formation of spermogonium at a. b. and d. Haus- 
toxlum at e. x 040. 

B. — Slightly older spermogonium firom 7-day infection. Young butter cells at b, and paraphyses at a 
and c. X 640. 

O.— Growing Spermogonium with buffer cells at e, paraphyses at a and f, and spermatlophores at b, d, 
and s. X 640. ^ i » 

D.—Older spermogonium from 8-day infection with buffer cells at b and e, spermatlophores at a, d, and 
gy^uataphysesatcand/. Central cavity forming. Haustorium at A x 640. 

. B^^wo-oeu haustorium at o from 7-day Infectioa. X 1,020. 

1^-^Muoh-branebed haustorium (a) from 9-day infection. X 1,020. 

-Gr.^Deoadent haustorium (a) firom 0-dgy Infection. X 1,020. 
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paraphyses. All these hyphae, whether basal or lateral in origin, 
are focused on the central point (c). 

A rapid increase in the number of sperm atiophores follows. These 
are slender tapering cells that grow in from the base and side walls 
of the spermogonium. The interpolation of these new cells between 
the buffer cells (pi. 3, D) causes a rapid expansion of the spermogonium 
and arches it out into a spherical mass that crushes the adjoining 
host cells as it grows. As the spermogonium rounds out, a central 
cavity forms within it, lined by the tips of the spcrmatiophores (a, d, 
and g). The buffer cells (5 and «), released from pressure against the 
epidermis, project into the central cavity. They produce no spores 
and soon wither and die. 

Plate 4, A, shows a newly opened spermogonium from a 9-day 
infection. The paraphyses (c and d) have pierced the epidermis 
forming the ostiole and are growing out through the opening. The 
basal part of the spermogonium forms a hemispherical shell of radially 
arranged spcrmatiophores, among which is still to be found an occa- 
sional buffer cell (b and/). Spores formed by the spermatiophores 
fill the central cavity (e) and are moving out through the ostiole. 
The spores arc exuded in a viscous liquid, the nectar, which has a dis- 
tinctly flowerlike odor. The exudate is not abundant, but serves by 
its perfume to attract insects. 

The first spermogonia usually mature and open seven or eight days 
after inoculation. The number of spermogonia is highly variable, 
however. In 9-day infections there may be as many as a dozen open 
spermogonia, or only two or three, or none whatever. 

In Puccinia triticina the spermogonia are about equally distributed 
between the upper and lower surfaces of the leaf. A count shows 
that of 100 spermogonia in 1 1-day infections, 46 opened on the upper 
surface of the leaf and 54 on the lower. 

While spermogonia are developing, certain hyphae are fjrowing 
into stomatal apertures or forcing a passageway between ei)idermal 
cells of the leaf. Since these hyphae reach the surface of the leaf and 
serve to receive the spermatial nuclei, the terms “emergent hyphae” 
or “receptive hyphae” have been applied to them. 

In the stomata, which in Thalictrum are on the lower surface of 
the leaf, hyphae of the fungus are to be found inserted into stomatal 
apertures. Plate 4, B, shows an early step in this process. A vigor- 
ous young wedge-shaped hypha (6) is pushing between the two guard 
cells (a and c) of the stoma. Whether such a hypha can force en- 
trance into a closed stoma or must await its natural opening is not 
known; the latter seems probable. 

Plate 4, D, shows another hypha. The stoma here is cut obliquely. 
In this instance several other hyphae are growing toward the same 
stoma. These hyphae, like the mycelium producing them, are com- 
posed of uninucleate cells. Plate 4, C, shows the further develop- 
ment of a cell in a stoma. The inserted hypha has grown larger and 
its broadened tip has reacJied the lower surface of the leaf. 

EXPLANATORY LEGEND FOR PLATE 4 

A. — Mature spermogonium from 9-day Infection. Paraphyses (r and d) protruding through ostiole. 
Radially arranged spermatiophores (a) have formed spores nlling central cavity (r) . Buffer colls (b and /) . 
X 640. 

B. — Young receptive hypha (6) thrust into stoma (a-c); 9-day infection. X 1.02U. 

C. Older receptive hypha (a) in stoma of ll-day infection. X 1,020. 

D. — Receptive hypha (a) in stoma of 9<lay infection, x 1,020. 
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A less conspicuous formation of ‘'emergent hyphae*’ occurs at the 
upper epidermis of the leaf. Plate 6, A, represents a detail from an 
11-day mfection showing the upper epidermis (a) and the palisade 
layer (c) beneath it. Between the two cell layers at d is a scant 
subepidermal mycelial growth, and from this at I a hypha has grown 
up between the epidermal cells to the upper surface of the leaf It 
has not pierced the cuticle at the outer epidermal wall, 

A few of these hyphae emerge at the upper and lower surfaces 
when infections are 7 days old and many more by the eighth or ninth 
day, but the development is not uniform. A survey of 9-day infec- 
tions shows that an infection which bears numerous spermogonia is 
apt to have relatively few receptive hyphae, while an mfection with 
no spermogonia shows a rich development of these hyphae. 

GREENHOUSE NOTES 

Living infections have been studied in the greenhouse. The first 
macroscopic indication of the rust is the “fleck,'* a minute whitish 
spot on the leaf, less than a millimeter in diameter. Flecking begins 
six or seven days after inocidation. A day or two later both the 
upper and the lower surfaces of the infected area are yellow with the 
exudate, or nectar, from spermogonia, which is distinctly fragrant. 

The infections grow rapidly. The size attained by an infection 
varies with the age and vigor of the leaf and with the* number of in- 
fections on the leaf. Where infections are crowded together the 
individual infection remains small. The greatest size of the individual 
infection and the greatest deformation of host tissues occur on young 
tender leaves that carry one or only a few infections. Infected 
petioles of young leaves become hypertrophied, attaining as much as 
three times the normal diameter. On a young leaf blade the maxi- 
mum diameter of an isolated infection is 8 or 10 mm. The infections 
often become irregular in outline, the spread being limited more or 
less by the larger veins. The leaf becomes distorted and thickened 
in the infected area and bulges upward. These hypertrophied tissues 
are under tension and, when slit for fixing, the strips spring apart. 

Owing to the fact that relatively few host plants have been avail- 
able for this work, it was necessary to fix material from time to time 
from the plants on which the greenhouse counts were made; therefore 
only a part of these infections have been followed through to old age. 
In the greenhouse records, infections are classified as singles (isolated 
infections), doubles (two in contact), and multiples (several confluent 
infections). 

The greenhouse studies of the rust indicate that Puccinia triticina 
is heterothallic, for the isolated infection usually remains haploid 
and produces no aeciospores. An occasional single infection develops 
open aecia, perhaps fertilized by nectar carried by a thrip or a red 
spider or by chance contact with the nectar on another infected leaf 
beneath. Some of the infections situated fairly close together are 

a es at first, but during later growth become doubles or even 
iples through confluence. These may develop belated aecia. 
Nearly all the multiples and a large majority of the doubles produce 
open aecia between the eighteenth md the twenty-second day after 
inoculation. On a few of the inoculated plants the infections were 
studied and counted for a considerable period. On one plant with 
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11 single infections, all were sterile on the twenty-third day, although 
at that time 9 out of the 10 multiples on the same plant bore open 
aecia. On another host plant 19 out of 21 singles were sterile on the 
twenty-sixth day, at which time 4 out of the 5 doubles and the 4 
multiples were producing aeciospores. On still another plant 19 out 
of 21 singles were sterile on the forty-second day after inoculation, 
at which time the 8 doubles and the 10 multiples were fertile. On 
yet another plant the 15 singles were still sterile on the forty-eighth 
day. The extreme case was a plant bearing 10 sterile singles 64 days 
old. At this time the infections and the leaves bearing them were dying. 

The microscope shows that the majority of the isolated single 
infections bear both spermogonia and receptive hyphae in varying 
proportions, but the greenhouse studies show that the spermatia of a 
given rust plant can not fertilize the same plant; it is self-sterile. 

More than the expected percentage of doubles produce aeciospores. 
In a heterothallic rust which is strictly bisexual, half of the infections 
would be (+) and half (—). In a random assortment half of the 
doubles would consist of a ( + ) and a (—), while the other half 
would consist of either two ( f ) or two ( — ). In other words, in 50 
per cent of the doubles, ( f ) and (~ ) meet, and the combination should 
be fertile; while in the other 50 per cent, both members are of the same 
sex, and the combination should remain sterile. An actual count of 
doubles of ages ranging from 24 to 29 days gives 11 sterile and 31 
fertile, or about 26 per cent sterile and 74 per cent fertile. A small 
amount of this is to be ascribed to accidental outside fertilization. 
In the data on single infections cited above, 4 out of 74, or about 5 
per cent, bore aeciospores. Allowing a similar margin here for 
accidental fertUization, there is still a large surplus over the expected 
number of fertile doubles. 

THE ISOLATED INFECTION 

Material was available for a detailed study of the later history of 
the infection in which fertilization does not take place. 

Reference has already been made (pi. 4, B, C, and D) to the 
emergent hyphae thrust between guard cells of stomata, and to other 
hyphae (pi. 6, A) that force a passageway betw^een cells of the upper 
epidermis. 

A hypha in a stomatal aperture is short-lived. Perhaps the 
exposure to the drier air outside of the leaf kills it. Perhaps, when 
the stoma attempts to close in the course of its daily stomatal move- 
ments, the hypha gets crushed. At any rate, the appearance of the 
inserted hypha soon changes. In Plate 5, A, the hypha (6), which 
grew down between the guard cells (a and c), takes the deep red stain 
characteristic of dead or dying protoplasm. 

But this does not end the matter. Other hyphae have been massing 
m the air space above the stoma, and branches from these push down 
into the stoma alongside the first. Each stomatal hypha, in turn, 
dies and shrinks and another takes its place. In Plate 5, B, which 
represents a lonmtudinal section through a stoma of an 11 -day 
sterile infection, five hyphae in succession have projected into and 
through the stomatal aperture. The two oldest (b and e) are dead 
and two others (a and d) are dying. Only the youngest (c), at the 
center of the group, is still fresh and vigorous. Plate 5, C, shows a 
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tangential (surface) view of such a stoma into which, as before, 
five hyphae in turn have grown. It is not imcommon to find one to 
six hyphae in almost every stoma in the infected area. 

As stated earlier, the number of these stomatal hyphae in an infec- 
tion varies more or less inversely as the number of spermogonia 
present. There are few in infections with numerous spermogonia and 
a great many in infections with no spermogonia. 

There are apparent exceptions to this. In one infected area studied, 
which at first looked like one continuous infection, both spermogonia 
and emergent hyphae were abundant. But careful study of the upper 
epidermis showed the presence of four primary hyphae at different 
points (one of these is shown in pi. 2, E), so the apparently simple 
infection consisted really of four closely inteiwoven infections. It 
would be premature to say, however, that all such cases are of inulti- 
sporidial origin. Only a long, careful study could determine that. 
As would be expected in the case cited above, fertilization had o<icurred 
at one or two points. 

The amount of fungous growth back of a stoma at the time hyphae 
are pushing into the stomatal opening varies considerably. In Plate 
5, B, the substomatal air space behind the stomais but loosely threaded 
by scattered hyphae. In Plate 5, D (drawn at lower magnification 
than the preceding), where fresh hyphae are still being thrust into 
the stoma, the substomatal cavity (pi. 5, D, h) is filled with a dense 
fungous growth. It is noteworthy that the entire growth at this 
stage centers on the o<‘cupied stoma. Fertilization has not taken 
place; the cells arc all uninucleate. It is at these points that aecia, 
fertile or sterile, arise. 

In the absence of fertilization, this haploid substomatal growth 
continues for some time. Plate 5, E, shows a later stage in the 
development of the sterile aecium of an 11 -day infection. The 
fungoiis mass has attained considerable size and has undergone the 
first differentiation into an upper half (a), of short, thick cells with 
dense cytoplasm and large nuclei, and a lower half (6), of large, 
loosely spaced cells with open vacuolate contents. In both parts the 
hyphae have become more or less disarticulated, each cell rounding 
up by itself. There are two stomata (c and d), both occupied by 
hyphae already dead. Due to the expansion of the cells and the 
disarticulation of the hyphae these emergent hyphae can no longer 
be traced into the body of the aecium. Fertilization did not take 
place; the aecium is still haploid. 

Reference has already been made to the occasional formation of a 
thin layer of mycelial growth beneath the upper epidermis of the leaf 
and to the hyphae that push up from it between the epidermal cells. 
These are of much less frequent occurrence than are the hyphae 
within the stomata. 

Under certain circumstances the development at the upper epi- 
dermis is much greater. In studying the living infections in the 

EXPLANATORY LEQENI) FOR PLATE 5 

A. '—Dying stomatal hvpha (6) botwoea tbe guard cells (« aad c) in a 9^ay infection. X 1,020. 

B. -^Longitudloal section of a stoma of an ll^ay Infection with 5 receptive hyphae, 2 dead (fr and e), 
2 dying (a and d), and 1 living <e). x 1,020. 

C. —Surfaoe (tangential) view of stoma from an U-day Infection. Within the stomatal aperture are 5 
receptive hyphae, all dead. X 1,020. 

D. ~Nin^ay infection. Stoma (o) flUed with receptive hyphae, back of which Is tbe young aecial 
primordlum (b). X 940. 

£.— Okter sterile aecium l^m an 11-day infection, lowing differentiation into a denser upper portion 
Cs) and a more open lower half (b). Occupied stomata (e and d). x 640. 
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greenhouse it was noted that infections on young, tender leaves make 
a more luxuriant growth and deform the leaves more than do infec- 
tions on older, tougher leaves. Sections through the infections on 
young leaves show that a fairly massive fungous growth may form 
between the epidermis and the palisade layer. Plate 6, C, shows 
sernidiagrammatically a section through a 9-day infection. There 
are no spermogonia in this infection. Under the upper epidermis is 
a continuous growth of hyphae, which at certain points (6, c, and d) 
has formed an upright palisade of parallel hyphae pushing between 
the epidermal cells. At a is a side section through a similar mass. 

Plate 6, p, represents one of these (C, 6) enlarged, showing the 
group of upright hyphae from 6 to c and later subsidiary attempts to 
pier(‘.e the epidermis at a and c. On the siirfa(*e of the leaf is a dark- 
staining mass (d), presumably exuded either by the fungus or by 
crushed host cells. 

In only one or two erases were similar but smaller subepidermal 
growths found at the lower surface of the leaf. One of these (pi. 6, E) 
occurred opposite a leaf vein where the absence of stomata prevented 
the formation of the ordinary receptive hyphae in stomata. Here, 
as before, several hyphae have squeezed in between epidernyil cells, 
and others are growing in the same direction. The whole structure 
(pi. 6, E) is focused at a, where the hyphae have separated two epi- 
dermal ceils. And here, as in the other cases, the cuticle of the outer 
epidermal wall is still intact, so that these hyphae are not really ex- 
jiosed to the outside air. 

The nature of these anomalous stru(‘tures is unknown, but since all 
gradations can be found, from the simple hypha between epidermal 
cells in Plate 6, A, to the more massive growth in Plate 6, D, it 
is probable that they are of the same nature. They occur in infec- 
tions without spermogonia but with abundant hyphae in the stomata 
of the lower epidermis. The presumption is that the hyphae be- 
tween epidermal cells, whether occurring singly or in groups, are 
receptive in nature. The similarity in structure between the group of 
hyphae in Plate 6, E, and the aecial prirnordium shown in Plate 5, D, 
is unmistakable. 

The similarity stops at this point. No case has been noted of a 
sterile aecium developing either in connection with a single hypha 
between epidermal cells (pi. 6, A) or adjoining the more massive 
structures (D and E). In the absence of fertilization these structures, 
once formed, persist without developing further, so far as known, and 
become gradually decadent. Plate 6, B, shows a small group of these 
hyphae between epidermal cells from a 22-day infection. The cells 
are nearly dead and still haploid, and the mycelium beneath consists 
of a loose tangle of ordinary hyphae. 

The early stages of ^wth of the sterile aecium (pi. 5, D) are cen- 
tered on the receptive hyphae in a stoma. In the later development 

EXPLANATORY LEGEND FOR PLATE 6 

A. -Eleven-day infection. Between the upper epidermis (a) and the palisade layer (c) is a scant mycelial 
growth (</) from which a hypha (6) has grown up between epidermal cells. X 1,020. 

B. — A group of similar cells, now dying, between epidermal cells in a 22-day infection. X 640. 

C. — Diagram of leaf with 9-aay infection showing subepidermal growth, t>earlng groups of upright hyphae 
^t\^n epidermal cells (a, 6, c, and d). Receptive hyphae in stoma (e). Normal thickness of leaf (/). 

D. — Group of upright hyphae (6-c) growing between epidermal colls of 0-day infection and subsidiary 
h^hae that attempted to grow between epiderm^ cells (a and e). Exudate (tf). X 640. 

E. — Similar group of hyphae emerging between cells of lower epidermis (a) next to a leaf vein in a 9-day 
infection. X 040. 
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the fungous growth above adjoining stomata may become confluent, 
forming one aecium. This is usuaUy the case in the larger aecia. 
Plate 5, E, shows two occupied stomata (o and d), Plate 7, A, shows 
an aecium, from a 15-day sterile infection, with three sets of receptive 
hyphae in the stomata (a, 6, and c) and others in adjoining sections. 

The leaf tissues in this case have become hypertrophied. Plates 
6, C, and 7, A, are drawn at the same magnification. The leaf now 
(pi. 7, A) is between two and three times the normal thickness as 
seen in Plate 6, C,/. The aecium (d-e) extends through more than 
half the thickness of the overgrown leaf. 

The aecium is still haploid. All its cells are uninucleate (pi. 7, A), 
both the smaller ones in the upper region (e) and the large ones in the 
more open area below (d). 

Plate 7, B, shows, at higher magnification, a strip through a large 
sterile aecium of a 30-day infection. It is still living, but decadent. 
Remnants of the stomatal hyphae may still be seen at a. The cells 
are uninucleate throughout. 

In the great majority of the sterile aecia examined the cells remain 
uninucleate until aeath, but a few exceptions occur. In Plate 7, C, 
which shows a detail from a sterile aecium with every evidence of 
deterioration, there are a few multinucleate cells. Even these have 
an impoverished appearance, with scant cytoplasm and lar^e vacuoles. 

The amount of hypertrophy of the leaf and the size attained by the 
sterile aecium vary greatly in different infections. Plate 7, I), from 
a 22-day infection, shows a cross section of a leaf drawn at the same 
magnification as that shown in Plate 7, A. The contrast between 
the two in respect to the thickness of the leaves and the size of the 
aecia is marked. In one (pi. 7, A), an infection without spermogonia, 
the leaf is much thickened and the aecia are large; in the other (pi. 7, 
D), an infection bearing spermogonia, the leaf is less thickened and 
the sterile aecia are relatively small. The aecia here (D, b) are not 
only smaller but also less differentiated. A bit of the aecium shown 
in Plate 7, D, is enlarged in Plate 7, E. 

In the end the aecia of the isolated infection die without producing 
^ores. Plate 8, A, shows a small dead aecium of a 42-day infection. 
Even here the remnants of receptive hyphae can be seen at a. 

It was noted earlier that infections oiFuccinia triiidna vary widely 
in the proportion of spermogonia to receptive hyphae. This difference 
persists into old age. One 42-day infection, a section of which is 
shown in diagram (pi. 8, B), bore 103 spermogonia, and only 23 
small sterile aecia. Another 42-day infection of the same lot of mate- 
rial, shown in diagram (pi, 8, C), bore over 200 sterile aecia but had 
no spermogonia whatever. A comparison of the two diagrams shows 
other differences. They aie drawn at the same mamification (X 33). 
In the speimogoniid infection the hypertrophy of tne leaf is slight; in 
the aecial infection it is much greater. The aecia of the spermogonial 
infection (pi. 8, B, / and h) are minute; those of the aecial infection 

EXPLANATORY LE0END FOR PLATE 7 

A. —Semidiagnumnatio drawing of otobs section of a hypertrophied leaf bearing large sterile aecium, 
d-t. 6toma1» with emergent hyphae (a. b, and e); lb-day infection. X 115. 

B. —NgiTOw strip through a large stmle aecium from SOKlay infection. Receptive hyphae (a). X 640. 

C. — Mi^uciMte cells from sterile aecium from a^rday infection. X 640. 

cross section of leaf with spermogonium (a) and sterile aecium (5) . X 115. 
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(pi. 8, C, a, by Cy dy e, and/) are variable in size, but on an average 
are several times as large as in the spennogonial infection. 

The spermogonia of the old sterile infection (pi. 8, B, a, 6, c, d, e, 
and g) are for the most part nonfunctional, but a few are still active. 

THE FERTILE INFECTION 

The surface of the Thalictrum leaf is waxy. When infected leaves 
of Thalictrum are fixed, the external sperm atia wash off, either in the 
fixing fluid or during the subsequent washing and dehydrating. In 
slides made from paraffin sections, sperm atia of Puccinia tritidna are 
rarely seen except inside the spennogonium or adhering to its para- 
physes. On this account the actual entering of spermatial nuclei into 
receptive hyphae has not been seen. Perhaps it could be done by 
making free-hand sections of living infections. 

After a spermatial nucleus has entered the hypha, however, it is 
secure against the mocesses of the technic and can be found in the 
stained sections. That nuclei do appear in the receptive hyphae, 
often in considerable numbers, after the application of spermatia to 
the surface of an infection is amply demonstrated. 

In the unfertilized infection (pis. 5, 6, 7, and 8) the emergent byphae 
and the sterile aecia of different ages are, in general, composed through- 
out of uninucleate cells. Upon being fertilized the miiltinucleate 
condition is found, first, in the hyphae at the epidermis, and later at 
points more remote from the surfaces of the leaf. 

Plate 9 shows details from newly fertilized infections. In Plate 9, 
B, is a longitudinal section of a stoma in which there is one stomatal 
hyj)ha (6) containing two luiclei, and another (a) containing four 
nuclei. In Plate 9, Cy fertilization occurred at two stomata that 
were contributory to the same aecium. The receptive hypha a con- 
tains 3 nuclei, b has 6, and c has 5. In cases like that shown in Plate 
9, A, it is imcertain whether the sporophytic cells a and 6, some dis- 
tance above the stoma, arc derived from a hypha at the stoma c or 
from some other stoma near by. 

Plate 9, D, a, shows a hypha the tip of which reached a stoma in an 
adjoining section at a position corresponding to the point b. It con- 
tains 11 nuclei. The number of nuclei entering an emergent hypha 
would appear to be limited by the available supply of spermatia out- 
side rather than by any saturation point within the hypha. Of 
course it is possible, but less likely, that only one nucleus enters, 
which immediately divides rapidly. 

Sometimes accessory points of fertilization are formed by hyphae 
between cells of the lower epidermis. In Plate 9, E, is a group of 
emergent hyphae (a, 6, and c) not unlike the groups at the stomata in 
appearance. One contains 2, one 4, and one 6 nuclei. So far as the 
microscope reveals, both the cuticle of the leaf and the walls of the 
hyphae themselves are still intact. The entrance of the spermatial 
nucleus has not left a visible pore. 

Plate 9, F, a and 6, shows a similar instance. In this case the hy- 
pha b is flattened against the cuticle and two very minute nuclei are 
just inside the cell, perhaps having just entered. 

EXPLANATORY LEGEND FOR PLATE 8 

A.— Small, dead, sterile aecium liroin 42*day Infection. Remnantof receptive hyphae (a). X6M. 

Bi*— Diagrun of 42^ay spcarmogonial infection with spermogonia (a, 6, c, tf, e, and g) and small sterile 
aecia (/and A), x 33. 

O.— Diagram of 42-day aecial infection, showing large sterile aecia (a, b, e, if , e. and f). X 33 
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Less frequently, fertilization occurs at the upper epidennis. Plate 
9, G, shows a hypha (5) that grew up between epidermal cells and 
pushed along for a short distance beneath the cuticle. Fertilization 
occurred, foflowed by sporophytic growth from the base of the cell. 
There are still 2 nuclei in the base of the hypha, and from 2 to 5 
nucJei in near-by cells (a, c, and rf). 

Plate 9, H, shows an unusual case. Some minor injury to the leaf 
killed a single epidermal cell (a), and there are a few sporophytic cells 
(J and c) just beneath the dead cell. Apparently, fertilization was 
effected through the dead cell. It may be that the outside air, enter- 
ing through the dead, ^thered host cell, served as the stimulus that 
attracted hyphae to this point. Perhaps it is a positive aerotropic 
response that brings all the emergent hyphae to the leaf surface, 
whether in stomata, between epidermal cells, or at dead epidermal 
cells. 

No aecial primordia have been found beneath the upper epidermis 
in these cases. The sporophytic hyphae grow down between the 
palisade cells and out into the spongy inesophyll. In Plate 9, G, the 
hypha at a is just pushing a branch into the space between two palisade 
cells. In Plate 9, 1, the hypha at a, containing five nuclei, has almost 
reached the mesophyll. Other sporophytic hyphae have been found 
traversing the air spaces of the spongy tissue and above young aecia. 
No one sporophytic hypha can be traced from a receptive hypha at 
the upper surface to an aecium; but the probability is that the fertili- 
zations at the upper leaf surface contribute to the sporophytic growth 
in the aecia beneath them, either by growth of new sporophytic hyphae 
or by progressive ‘^diploidization’* of the already existing mycelium, 
accomplished by successive nuclear divisions and migrations. 

Soon after the introduction of spermatial nuclei into the receptive 
hyphae the hajiloid* component of the aecial primordium becomes 
permeated throughout by scattered cells containing two or more 
nuclei. (PI. 10, A.) The question arises as to the mode of distribu- 
tion of the sporophytic generation from its point or points of origin. 

Plate 10, B, shows a young aecium in which the haploid hyphae are 
still so loosely spaced that unusual opportunity is afforded for tracing 
out the course of individual hyphae. A group of hyphae centers on 
the stoma at d. One of these hvphae, wliich grew down from a, is 
now dead throughout most of its length, but near the stoma has given 
rise to a sturdy diploid hypha that has grown up to c, at which point 
it passes out of the plane of the section. Another diploid hypha 
giwing upward from the receptive hyphae at the stoma is unbranched 
in its early progress but between c and b has given rise to five young 

explanatory legend fob plate 9 

A. — stoma (c) with 8pOroi>hytlc csells (a and 6) above it; ll-day inflection. X 640. 

B. — Longitudinal section of a stoma oocupiod by receptive hyphae, two of which Co and b) are multi* 
nucleate; ll*day infection. X 640. 

C .—Fertilization at two stomata contributory to one aecium. Multlnucleate receptive hyphae (a, b, and 
c): ll'day infection. X 640. 

D.— Receptive hypha, a, with 11 nuclei, leading to stoma near b in next section; ll*day infection. X 640. 

£.— Group of fertilized hyphae (a, 6, and c) emerging between epidermal cells adjoining an aecium; 
n*day infection. X 640. 

F. — Fertilized emergent hyphae (a and b) between cells of lower epidermis. X 640. 

G. — Emergent hypha (fr) at uppw epidermis with sporophytic cells (a, c, and d) near by; ] Lday Infection. 

m~Dead host cell (a) In upper epidermis with sporophytic cells (b and e) beneath. X 640. 

L— sporophytic cell (a) growing down between palisade cells from siibepidermal region; 11-day infection. 
X640. 
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branches. The acute angle that the branches make with the parent 
hypha shows that the direction of growth is away from the stoma, not 
downward toward it. Again, in Plate 10, C, from an older aecium 
with denser growth, a diploid hypha can be traced from 6, not far 
from a stoma, upward, unbranched at first, then branching freely 
to right and left between d and a. It appears, then, that fresh growth 
from the fertilized stomata! hyphae distributes the new sporophyte 
generation through the upper area of the growing aecium. 

In these cases (pi. 10, B, a and c, and C, a, 6, c, rf, <?, and/) the cells 
are binucleate. Newly fertilized hyphae may contain from one to 
many introduced nuclei in addition to the single native nucleus. 
It is not clear how nuclear pairs could be established so quickly when 
many nuclei are introduced into a hypha. It may be that in cases 
like Plate 10, B, C, and E, where the sporophytic cells contain only 2 
or 3 nuclei, comparatively few nuclei were introduced at the outset. 
And in cases like Plate 10, A, where cells with 2 to 9 nuclei arc found 
dispersed throughout the aecium, and Plate 11, A, where nuclear 
conditions are still more extreme, the original addition of nuclei may 
have been more abundant. 

In the aecium shown in Plate 10, A, there is a beginning of differ- 
entiation into areas; vacuoles are appearing in the cells of the lower 
part of the aecium. This change affects gametophytic and sporo- 
phytic cells alike throughout this area. 

Plate 10, p, represents semidiagrammatically a somewhat older 
aecium in which this differentiation is well established. There is now 
an area in the lower part of the aecium, shaped like a thick biconvex 
lens, comimsed of large, nearly empty cells that are rapidly dying. 
This area is capped by a thick layer of smaller, denser cells that will 
later give rise to the spores. A median strip through this aecium 
from top to bottom is shown enlarged in Plate 10, E. The contrast 
in cell size and cell content betw’een the sporogenous area (a) and the 
“space-making^' area (6) is marked. Remnants of hyphae are still 
present in the stoma (rf), but it is no longer possible to trace any con- 
nection between them and the upper part of the aecium. 

The sporophytic cells (pi. 11, A) of the sporogenous area (a-c) 
contain from 2 to 12 nuclei. There are also multinucleate cells in the 
space-making area (A, 6), but they are dying. It seems probable that 
the abundance of nuclei in this case (A) has been continuous since 
fertilization, especially as younger aecia can be found with the same 
nuclear condition; but this can not be taken for granted. I t is possible 
that at an intermediate stage rapid growth and cell division redu(*ed 
the number of nuclei per cell and that later the growth (|onditiqns in 
the sporogenous area favored rapid nuclear divisions, giving rise to 
the condition found here. 

From one cause or another, the average number of nuclei in sporo- 
phytic cells of aecia of this age varies widely. Sooner or later, how- 


EXPLANATOBY LEGEND FOB PLATE 10 

A. — ^Young fertile aecium showing mixture of gametophytic and sporophytic cells. Sporophytic cells 

with to nine nuclei; 11-day Infection, x MO. , ^ u u 

B. — Young fertile aedum showing gro^h of sporophytic hyphae (e and b-c) from fertilised hyphae at 

stoma d; dead hypha ate; 11-day Infection. X640. ^ ^ . 4. 

. C.— Portion of young fertile aec ium with sporophytic hypha growing from near stoma, to a, with 

^ ies ib, c. d, and/); ll-day infection. X 640. _ ^ 

D. — Diagram of older fertile infection from 11-day infection. X 116. 

E. --porMon of aecium from D enlarged, showing spor^enous area (a), the space-makmg area (6), finer 

X 6 
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ever, the binucleate condition prevails in the sporophytic component 
of the aecium. This may come wliile the aecium is still young or may 
be deferred until spore formation has begun. In tlie newly fertilized 
emergent hypha, 1 native nucleus and from 1 to 10 introduced 
nuclei have been observed. In the final binucleate condition, a nuclear 
pair is supposed to consist of one male and one female nucleus. Just 
how the original disparity is changed into the final equality and 
regularity is not clear. It could be achieved by an unequal rate of 
nuclear division in the native and introduced nuclei. It may be 
accomplished by supplementaiy fusions with haploid cells, although 
no evidence of this has been seen. 

Soon after the stage represented in Plate 11, A, cells of the sporog- 
enous area bemn to grow downward into the space-making area to 
form the initid cells of the si)ore chains. Plate 11, B, represents an 
aecium from an 11-day infection in which the layer of basal cells {a) 
is just forming. 

Details from the layer of basal cells of this aecium and others of 
the same stage are shown in Plate 11, C to H. When a cell in the 
sporogenous area pushes down to assume the function of a basal 
cell, it may grow from one end or from any point along its length. 
Plate 11, G, shows several young basal cells, some binucleate and 
some multinucleate. In tliree of these the basal cell is merely a con- 
tinuation of the ordinary apical ^owth of the hypha. In the fourth 
(pi. 11, G) the hypha is pushing down at two points (a and 6). Plate 
11, E, represents another poup of young basal cells. The penulti- 
mate cell of one (a) is pushing out a branch to form a second basal 
cell. In Plate 11, H, in which a young spore chain is initiated, one of 
the upper cells of the hypha (a) is pushing out a branch. This multi- 
plication of basal cells by brandling is common. In Plate 11, J, 
from an older aecium, the common stem (a) has given rise to two 
main chains of spores, with a younger one starting at c and a possible 
fourth pushing out at 6, 

When a cell extending horizontally pushes down a branch from its 
center to form a basal cell, the result simulates the 2-legged cell 
described in rust literature. In Plate 11, D, the irregular cell (a-h) 
has started to form a branch at c. In Plate 11, C, the branch (c) 
is somewhat longer. In Plate 11, F, the centrally placed branch (a) 
of the curved cell (c-6) has become a fully formed basal cell with one 
spore mother cell. Figures like this have been interpreted as meaning 
that two haploid cells (as in pi. 11, F, c and b) fused at their tips, then 
grew down from the point of fusion to start the diploid spore chain. 

EXPLANATORY LEOENU FOR PLATE 11 

A. — Portion of sporogenous area of aecium from 16<day infection. Multinudeate cells (a, b, and c) 
X 640 

B. ~Diagram of aeeiom with basal cells forming at a; 16-day Infection. X 116. 

C. — Early stage in formation of basal cell (c) from center of curved cell (a-6) . X 640. 

D. — Irregular cell (a-6) from sporogwous area. Beginning of basal cell (e). Sixteen-day Infection. 
X 640. 

E. -— Detail from sporogenous layer showing young multinucleate basal cells. Branch forming at e. 
Sixteen-day infection. X 640. 

F. — Two-legged basal cell (e, h, and c); lO-day infection. X 640. 

G. — Oroup or young basal odls containing two to six nuclei. Hypha (a-b) pushing down at two points. 
Sixteen>day infection. X640. 

H. — Young spore ehatn branched at a; l6-day Infection. X 640. 

I. — ‘Diagram of maturing aecium with basal cells at a; 16-day infection. X 115. 

J. — Detail from aecium m I showing two spore chains from one hypha (a); a third spore chain started at 
c, jayi perb^ a fourth at b. Spore mother cells id and t) and intercalary odls if and g). Sixteen-day 

E.—piagnm of open aedum from 90-day infection. X 116. 
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Such an interpretation would be obviously incorrect in Puccinia 
triticina, as the sporophyte generation started long before these cells 
were formed. 

When first formed, the basal cell may contain from two to eight 
nuclei. (PI. 11, E and G.) An even number of nuclei is usually 
found, but these are scattered irregularly, not in pairs. The extra 
nuclei are utilized in supplying nuclei to the first cells of the spore 
chain, and by the time the chains are well established the basal cells 
are regularly binucleate. (PI. 11, J.) 

The first cells formed by the basal cells are the spore mother cells. 
Each of these divides into two — a large cell, the definitive spore, and 
a very small intercalary cell. The intercalary cell (pL 11, J, / and g) 
is seen attached to the spore as an inconspicuous slice from one 
side. 

As the parallel, closely packed chains of spores from the basal cells 
lengthen, they push down into the area of looser dead cells below, 
crushing them as they grow. The peripheral layer of basal cells 
gives rise to the peridium, a continuous sheath, one cell thick, inclosing 
the spore mass. Plate 11, I, shows a maturing aecium of a 16-day 
infection, and Plate 11, K, an open aecium from a 20-day infection. 
The diagrams in Plate 11, B, I, and K, are drawn at the same magnifi- 
cation and show the great increase in the size of the aecium after 
spore formation seta in, and also the increase in the thickness of the 
host leaf bearing it. 

DISCUSSION 

The entry of the sporidium into the epidermal cell and the forma- 
tion of the primary hypha and its mode of branching are very similar 
in Puccinia graminis (?) and P. triticina. 

Older primary hyphae and older haiistoria of Puccinia triticina 
become incased in a lajrer of material staining like the host cell walls 
and presumably deposited by the host cell. In the case of some 
invading parasites, e. g., Ophioholus ^aminis Sacc. on wheat roots 
(f /), wall materials are contmually built up around the advancing tip 
of a hypha as it forces its way into a cell, resulting in the finger- 
shaped *‘lignituber,” through the end of which the hypha may 
finally escape imto the cell lumen. In P. triticina entrance into a host 
cell appears to be unimpeded, but later the fungus may become 
insheatned by wall materials. This sheath is probably a partial 
defense of the host against the intruder. 

Dodge {10, J). 1761) and others choose to view today the picture 
of the rust life cycles against the background of a red alga ancestry.'^ 
The finding of functional receptive hyphae in the rusts adds interest 
to such comparisons and increases the probability of phylogenetic 
relationship between the two groups. No generalizations can be 
made, however, until it is known how widespread and how varied this 
mode of fertilization is among the rusts. 

In Puccinia triticina functional receptive hyphae form at both the 
upper and the lower surface of the leaf. By far the greater number, 
however, are in the stomata of the lower surface, md it is here that 
fertilization ordinarily takes place. Fertilization is doubtless aided 
by the distribution of the spermogonia, at least half of which open 
upon the lower surface of the leaf. Because of this, visiting insects, 

121764—32 2 
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attracted by the nectar and going from one infection to another, may 
transfer spermatia to the lower as well as to the upper surface of the 
leaf. 

Aecia, so far as noted, form only in connection with stomatal 
hyphae at the lower surface of the leaf. No sterile aecia have been 
found beneath the upper epidermis. Rarely a fertile aecium opens 
on the upper surface, but since the histo^ of its development is 
unknown it is uncertain whether it started with a fertilization through 
the upper epidermis or through stomata of the lower epidermis. Fer- 
tilization takes place occasionally at the upper epidermis, but sporo- 
phytic hyphae initiated there apparently become effective only by 
growing downward and becoming part of an aecium below. 

The fertilization of emerging hyphae at points some distance from 
an aecium and the spread of sporophytic mycelium from these points 
may explain some of the hitherto baffling cases of intermingled 
sporophytic and gametophytic mycelia in the rusts. Sporophytic 
hyphae have been found mingled with the mycelium of the gameto- 
phyte generation by Blackman and Fraser (4), Olive (17), Lindfora 
(15), Walker (15), Allen (J, 2), and others. 

The word ^^spermogonium” implies a male structure. It should 
not be forgotten, however, that when nectar is interchanged between 
two infections of different sexes each fertilizes the other. Genetically, 
as Craigie (8) pointed out, the spermogonia of one infection are of one 
sexual group, while the spermogonia of the other infection are of 
another group. 

The majonty of the infections bear both spermogonia and emergent 
hyphae, so the haploid generation must possess the genetic basis for 
both structures. The proportion of spermogonia to emergent 
hyphae, however, varies widely in different cases, some infections 
bearing many spermogonia ana few receptive hyphae, others fewer 
spermogonia and iffore receptive hyphae, and a few no spermogonia 
and many receptive hyphae. Whether this is due to differences in the 
environment or to genetic differences in the individuals is not certain. 
The host plants were given similar treatment. Infections of the 
same age, borne on the same host plant at the same time and resulting 
from the same inoculation, showed the full range of variation. As 
great a variation in the proportion of spermogonia to aecia was found 
in infections on younger leaves as was found on older leaves. If this 
variation is the result of varying conditions in the host or in the exter- 
nal environment, it is not clear what factors cmdd be responsible for it. 

On the other hand, data at present available are not sufficient to 
prove that the differences are genetic in origin. Of interest in this 
connection is the fact that an isolated gametophyte, although pos- 
sessing both male and female organs, remains haploid throughout its 
life, and that three-fourths of the double infections (instead of the 
expected one-half) prove fertile. The number of doubles under 
observation was not great enough to give much weight to this evi- 
dence, but it at least suggests that in Puccinia triticvm more combi- 
nations prove fertile than would be expected if the infections could 
be divided exactly into two eiqual groups, one (+) and one (— ). 
Further experiments directed toward a genetic analysis of the situa- 
tion might reveal varying d^ees of genetic “maleness and “female- 
ness*' expressed morphologically in the varying proportions of male 
and female organs. This might determine the range of mating capa- 
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bilities and so affect the percentage of fertile doubles. Hartmann 
(IS) and Kniep (14) have summed up a number of more or less 
similar cases found among the algae and fungi. 

In hybridizing varieties of Pucdnia graminifij Stakman, Levine, and 
Cotter ( 18 ) obtained several physiologic forms from the spores of one 
aecial cup. On the other hand, in crossing physiologic fonns, Newton, 
Johnson, and Brown ( 16 )^ as a rule, isolated but one physiologic form 
from one aecium. The occurrence of only one or of more than one 
physiologic form depends on whether the sporophytic growth in any 
one aecium is descended from a single pair of coiyugate nuclei (or 
several similar pairs) or from several unlike pairs. In P. triticina the 
mechanism of fertilization is certainly adequate to permit several 
physiologic forms to enter into the composition of one aecium. With 
several hyphae emerging at one stoma and several occupied stomata 
underlying one aecium, and with occasional accessory points of fer- 
tilization between epidermal cells of the lower epidermis and a still 
further possible contribution of fertile hyphae from a fertilization at 
the upper epidermis, there is ample opportunity for the introduction 
of spermatial nuclei. Any one of these receptive hyphae may receive 
from one to a dozen outside nuclei. But while the facilities for fer- 
tilization would permit the introduction of several physiologic forms, 
it w’ould be uncommon in nature for spermatia of several forms to 
mingle on so small a part of the leaf surface as to enter the same 
aecium. 

The mechanism for the distribution throughout the aecium of the 
introduced nuclei is not fully worked out. Buller ( 5 ) finds that in 
Co])Tinm lagopus Fr., when two haploid mycelia of opposite sex meet, 
there is a progressive diploidization of each mycelium by the other, 
effected by repeated nuclear divisions and migrations. A hypha of 
one mycelium touches a hypha of the other mycelium, fuses with it, 
its nucleus moves over, then divides, and one of the daughter nuclei 
moves on into the next cell. This in turn diyides, sending on one of 
the daughter nuclei into the next cell. In this way both mycelia are 
rapidly transformed into diploid mycelia, each cell of which has a 
pair of conjugate nuclei of opposite sex. 

In Pucdnia triticina an indefinite number of nuclei may be intro- 
duced into the haploid receptive hypha. Branches from this hypha 
originate either near the stoma or farther up in the aecium. These 
branches may be binucleate from the beginning, but are often com- 
posed of multinucleate cells, the nuclei of which look alike. After 
the initial difference in size between spermatial nuclei and aecial 
nuclei is lost, there is no means of identifying male and female nuclei. 
The nuclei do not lie in pairs, but are scattered irregularly through the 
cytoplasm. Eventually, the binucleate condition is achieyed by a 
more rapid rate of division of the native nuclei, by nuclear migrations, 
or by cell fusions between adjoining cells. These processes have 
not been seen, but their existence seems probable. From what is 
known of other fungi with conjugate nuclei it may be concluded that 
in the aeciospore one nucleus is of male and the other of female descent, 
but it wouldTnot be possible to prove this in P, triticina. 

In Pucdnia tritidaaj sporophytic growth in the aecium is well 
established before the layer of basal cells is differentiated. As a 
consequence, basal cells are formed, ordinarily at least, by cell 
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division and not by fusion. Sometimes a false appearance of fusion 
is given when a long horizontal cell pushes down a branch at its center 
to form the basal cell, thus simulating the 2-legged cell described in 
rust literature. For many years 2-legged cells nave been interpreted 
as meaning that two haploid hyphae meet at them growing tips, fuse 
at the point of contact, and give rise at this point to a downward- 

( fro wing binucleate cell, but it is evident that the presence of a 2- 
egged Wsal cell is not in itself proof of fusion. In the past the pres- 
ence of a few 2-legged cells in the layer of basal cells has sometimes 
been the only evidence offered that the sporophyte originated by 
fusion of ^irs of uninucleate cells in the sporogenous area in the 
aecium. Without a study of younger stages, there is a risk of error 
in this assumption. 

SUMMARY 

Pucdnia triticina Eriks., the leaf rust of wheat, has its gametophyte 
generation on species of Thalictrum. The sporidiiim, formed by the 
germinating teliospore in the spring, is a haploid spore, and when it 
falls upon a Thalictrum leaf it gemiinates, enters directly through the 
ou ter epidermal wall, and forms a 4-cell to 6-cell primary hypha in the 
epidermal cell, which in turn gives rise to haploid intercellular myce- 
lium. 

After six or seven days of vegetative growth, reproductive activities 
set in. Spennogonia form in about equal numbers at the two sur- 
faces of the leaf. At the same time receptive hyphae grow into 
stomatal apertures or between epidermal cells of the upper or the 
lower epidermis. On young tender leaves an extensive growth of 
mycelium may be present beneath the upper epidermis, giving rise to 
groups of upright hyphae pushing up between epidermal cells. 

Pucdnia tritidna is heterothamc. A monosporidial infection may 
bear both spermogonia and receptive hyphae, but if kept isolated it 
remains haploid. Three-fourths of the double infections (i. e., two 
in contact) produce open aecia. 

A comparative study of infections of the same age shows that some 
have many spermogonia and few receptive hyphae, others have com- 
paratively few spermogonia and more receptive hyphae, and a few 
have no spermogonia and abundant receptive hyphae. 

In the substomatal air space above a stoma occupied by one or 
more hyphae, other hyphae grow and branch rapidly, forming a dense 
little nest of cells, the beginning of an aecium. In the absence of 
fertilization this haploid aecium grows, imdergoes the first differen- 
tiation into areas, then slowly deteriorates, and dies without forming 
spores. 

When spermatia from another and different infection are brought 
to an infected area, spermatial nuclei enter the tips of the receptive 
hyphae. There may be from 1 to 10 spermatial nuclei in each of these 
hyphae. Fertilization takes place most frequently at the stomata, 
but may occur also in hyphae emerging between epidermal cells of 
the lower and the upper surface of the leaf. 

Growth from these fertilized cells permeates the aecium. Cells 
of sporophytic hyphae may contain 2 nuclei, but usually contain 
more — sometimes 8 or 10. This multinucleate condition may persist 
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during the organization of the sporogenous area. Young basal cells 
contain from two to eight nuclei. The extra nuclei are utilized in the 
formation of binucleate spores, and eventually the basal cells be- 
come regularly binucleate. 
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RESTORATION OF VIRULENCE OF ATTENUATED CURLY- 
TOP VIRUS BY PASSAGE THROUGH STELLARIA MEDIA^ 


By C. F. Lackey 2 

ABsisiant Pathologistf Division of Sugar Plant Investigations^ Bureau of Plant 
Industry^ United States Department of Agriculture 

INTRODUCTION 

In preliminary reports the writer (6*, 8Y announced briefly the 
restoration of the virulence of sugar-beet curly-top virus after it had 
been attenuated by a very resistant host. What appear to be similar 
cases of this phenomenon with pathogenic organisms that have be- 
come attenuated have been reported frequently in animal pathology. 
For example, Pasteur, Chamberland, and Houx ( 9 ) reported that 
exposing the anthrax organism to a certain degree of heat so reduced 
its infective power that it was barely able to kill day-old guinea pigs. 
However, when the attenuated organism w^as passed successively 
through several day-old guinea pigs, it gradually inc^reased in viru- 
lence until finally it was able to cause the death of a sheep. 

The term ‘^attenuation,’^ as used in this paper with reference to 
curly-top virus, means the reduction in the ability to infeert and 
in the power to produce severe symptoms. Of the two criteria used in 
determining attenuation, the mildness of symptoms produced is 
considered more important than the percentage of infection obtained. 

In plant-disease literature there are several examples that appear 
to be cases of virus attenuation. Johnson (4), by means of heat, 
succeeded in attenuating the mosaic virus of tobacco to such an 
extent that it produced only a sinall percentage of infection and very 
mild symptoms as contrasted with the effete t produced by the un- 
treated virus. He was unable to restore the virulence to this virus 
by repeated passages through susceptible tobacco plants. Later 
Johnson and Ogden (J) succeeded in occasionally producing an 
attenuated condition of tobacco mosaic virus by bubbling air and 
oxygen through the extract of green mosaic plants. This attenua- 
tion of the virus was similar to that produced by heat, remaining 
stable through several subsequent transfers. These two cases of 
virus attenuation correspond closely to the kind of attenuation dis- 
cussed in this paper. 

Salaman {10) reports modification of the symptoms of crinkle A, 
a virus disease of potato, after the virus had passed through Datura. 
These symptoms did not resemble a mild form of the original crinkle 
A, but rather a mild mosaic. When transferring crinkle A to 
several varieties of potatoes by grafting he secured crinkle on some 
varieties but mosaic symptoms or acute streak symptoms on others. 
While the evidence is inadequate to settle the problem definitely, he 
suggests the possibility that he was working with a mixture of viruses. 
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Smith working with the crinkle virus of potatoes, passed it 
through Datura stramonium L. and then inoculated potato plants. 
Instead of modified crinkle symptoms, mild mosaic mottling resulted. 
In his earlier work on potato mosaic. Smith (fi) concluded that the 
various symptoms appearing on different plants inoculated with the 
mosaic were due simply to variation in host response. In his later 
work {12) on crinkle of potatoes he suggested the presence of more 
than one virus. 

Carsner (Jf , 2) reported the first cases of attenuation of the curly-top 
virus by resistant hosts, among which was Chenoj}odium murale L., 
in 1919 and 1925. After this' Carsner and Lackey {3) reported the 
attenuation of the curly-top virus when it was passed through very 
resistant sugar beets. Repeated transfers through susceptible sugar 
beets failed to restore the virulence to the attenuated virus. Later 
Lackey (6', 7) recorded additional evidence of this attenuation reac- 
tion of curly-top virus when passed through certain resistant host 
plants. 

The idea was conceived that if a resistant host attenuates the virus 
an exceedingly susceptible host might restore its virulence. Carsner 
(f ) had reported chickweed, Stellaria media (L.) Cyr., as a very sus- 
ceptible host plant, so it was selected for trial. 

It has been recorded in literature that the virulence of some plant 
viruses has been increased by methods of handling. Smith {11) 
reported that potato mosaic increased in violence when it was trans- 
mitted to healthy White Burley tobacco by the aphis Myzus persicae 
Sulz. He also foimd that tobacco ring spot was increased in virulence 
by progressive inoculation through successive generations of susceptible 
tobacco. This increase continued only up to a certain point and then 
the virus showed a tendency to revert to its original virulence. Later 
Smith {12) found that the crinkle virus of potatoes could be passed 
tlirough successive generations of tobacco and a severe leaf-drop 
streak obtained which readily killed some varieties of potatoes. The 
interveinal mosaic of potatoes when passed through tobacco also came 
out as a severe leaf-drop streak. Smith {12) suggests that probably 
more than one virus is involved, and states: ‘‘It may be suggested 
then that passage of tobacco merely liberates in some way the streak 
virus which was already present, so that it attacks every potato variety 
inoculated,^' It is difficult to deterrmne whether one virus was in- 
creased in virulence or whether the different hosts suppress one virus 
and liberate another. 


DOSAGE EXPERIMENTS 

It has been suggested that the reduction in percentage of infection 
and possibly the variation in type of symptoms produced by the 
apparently attenuated curly-top virus might be attributed to mere 
reduction in the quantity of virus involved. The results of the follow- 
ing experiment bear on this problem. 

Attenuated virus was obtained by inoculating nettle-leafed goose- 
foot, Chenopodium murale^ with 50 to 75 leaf hoppers, Evdettix tenellus 
(Baker), carrying the virulent form of virus {2), After five to six weeks 
these hoppers were removed. The virus was transferred from the 
Ch^opodium to test beets, Beta vulgaris L., either by placing non- 
viiiiliferous adults on the plant or by using the nymphs mat hatched 
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out on the Chenopodiiim. The nymphs gave the same results as the 
adults. 

The virulent virus, for comparison, was transmitted to test beets 
by means of leaf hoppers reared on a severely diseased beet. 

The beets used in this experiment to test the virulent and attenu- 
ated virus were susceptible plants in the fourth true leaf stage, and the 
leaf hoppers from the two sources, beet and Chenopodium, were caged 
on the young beets for tlu*ee days. These insects were confined on a 
true leaf of each beet by means of celluloid cylinder cages. Two leaf 
hoppers to a plant were used in some cases and 10 leaf hoppers in 
others. The results obtained are given in Table 1. 

Table 1. — Ren alts of inoculation of susceptible sugar heels with different numbers 
of leaf hoppers carrying either the attenuated or the virulent form of curly-top 
virus 

linear hoppers caged on l>eets for four days] 


Number of insects used and form of virus 

Beets in* 
ocMiIated 

Beets infected 

Type of symptoms 

2 loaf hoppers with attenuated virus 

Number 

22 

38 

41 

20 

Number 

8 

21 

29 

24 

Percent 1 
m 

1 Mild. 

1 Do. 

Severe. 

[ Do. 

10 leaf hoppers with attenuated virus . 

2 loaf hoppers with virulent virus 

10 leaf hoppers with virulent virus - 


This experiment, confirming previous work with Chenopodium 
murahj shows the attenuated nature of the virus obtained from this 
host plant. It shows also that the symptoms were mild irrespective 
of whether 2 or 10 leaf hoppers were used. It is to be noted that 
10 leaf hoppers bearing the attenuated virus from Chenopodium pro- 
duced 55 per cent infection, while 2 leaf hoppers harboring the virulent 
virus produced 71 per cent infection, severe symptoms being produced 
in all cases where the virulent virus was concerned. 

In carrying along a stock of the attenuated virus, from 50 to 80 
leaf hoppers have been caged on young beets in the fourth to sixth 
leaf stage and the resulting symptoms have remained mild; on the 
other hand, 1 leaf hopper harboring virulent virus has produced severe 
symptoms on a young growling beet if it succeeded in infecting the 
beet at all. 

It is evident from these results that the greater the number of insects 
used to inoculate the beet the greater is the percentage of infection 
obtained. It is also apparent that 2 leaf hoppers carrying virulent 
virus may cause a higher percentage of infection and severer symp- 
toms than 10 insects carrying attenuated virus. Since as great a 
number as 80 leaf hoppers wuth the attenuated virus fail to produce 
severe symptoms on young growing beets, w’Me 1 hopper carrying 
virulent virus will produce severe symptoms, it is concluded that in 
experiments of this type the dosage of virus is not a factor controlling 
the subsequent symptoms produced. 

RESTORATION STUDIES 

The plants used in the eigieriments in the restoration of virulence 
were Cnenopodium muralsy oteliaria media^ and the susceptible sugar 
beets used as test plants and as checks. 
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Figure 1, which is a diagram giving data from a typical experiment, 
illustrates the general plan used in attenuating the virus and restoring 
its virulence, the original virus being in each case the virulent form of 
stock virus maintained on susceptible sugar beets. 

A susceptible beet was used in the beginning to maintain a stock 
culture of virulent virus. Fifty leaf hoppers from this culture were 
used to inoculate a Ghenopodium murcue plant.* After a period of 
six weeks, nonviruliferous leaf hoppers were fed on this plant for a 
week. Four of these hoppers bearing the attenuated virus from the 
Cherwpodium murale were used to inoculate a chickweed, Stellaria 
medm.^ This chickweed was a young, fast-growing plant with three 
stems. The four insects were caged on the plant by means of a small, 
cylindrical, celluloid cage. The cage was left on for three days. 
During the incubation period of the disease the chickweed was kept 
in a semishaded part of the greenhouse under moist and good growing 

conditions. Six days 
after inoculation 
curly- top symptoms 
became visible. Non- 
viruliferous leaf hop- 
pers were then caged 
on the diseased chick- 
weed for three days. 
These leaf hoppers 
wore then transferred 
to young healthy 
beets which were in 
the 2-leaf and 4-leaf 
stages, 2 leaf hoppers 
being used to a plant. 
In this manner 37 
beets were inoculated, 
29 of which became 
infected and showed 
severe symptoms. 
At the same time 7 
young beets were in- 
oculated with leaf hoppers from the beet on which flie stock culture 
was maintained and 33 beets were inoculated in like manner with 
virus from the Chenopodium plant. Six of the 7 beets (fig. 1) in- 
oculated with the virus directly from the beet (virulent) became in- 
fected and showed severe symptoms. These symptoms were indis- 
tinguishable from those produced by the virus obtained from the 
cUckweed. On the other hand, of the 33 beets inoculated with virus 
directly from Chenopodium, only 6 became infected and these showed 
very inild svmptoms. The tests with the virus from Chenopodium 
show that the virus used to inoculate the chickweed was attenuated. 
From the fact that 29 of the 37 test-beet plants infected with this 
attenuated virus after it has been passed through chickweed had 

y J wed Inthe course of this work were approximeWly fl weeks old and 4 to 6 inches high. As Carsner 

*>e seowed from soob inoculated plants, while in other cases only 

attAvaated virus is obtained. 

» Phuiits usedw^ epproximately6we^old with stezneranging from IH to 2 inches in length. Itshould 
iw notM that wesing the attenuated virus through eltlckweed does not always result in complete restoration 
of vMence. The critical foctors influencing restoration have not been determined . 


SOURCE OF VIRUS 

CONDITION OF BEET TEST PLANTS 

BEET 

1 

6 OF 7 severely DISEASED 

T 

CHENOPODIUM 

1 

6 OF 33 MILDLY DISEASED 

V . 

CHICKWEED 11^ 

tti 

29 OF 37 SEVERELY DISEASED 


FiuuBE 1.— Plan used in the attenuation and restoration of tlie curly- 
top virus, with data from a typical experiment. The arrows indi- 
cate the successive passage of the virus through the different host 
plants, the heavy arrows representing the virulent form of the 
virus and the light arrows the attenuated condition 
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symptoms indistinguishable in severity from those produced by the 
original virulent virus, it is evident that the virus, after being at- 
tenuated, had been restored to its original virulence. 

The symptoms produced by the virus from the three sources are 
shown in Figure 2. 



Figure 2.— a., Boots inocolatod with the original virus; B, beets inoculated with the same virus 
after attenuation by Chenopodium muralt: C, beets inoculated with this virus restored to its 
original vinilonoo by passage through Stelloria media: D, normal uninoculated plants 


The test beets used were grown under similar conditions from a seed 
stock of known high susceptibility, and were all of the same ^e. 
The illustration shows the beets seven weeks after inoculation. The 
beets in pot A were inoculated with the original virulent virus. 
Those in pot B show the effect of this virus after its attenuation by 
passage through Chenopodium murale. The disease is mild, the 
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plants showing only slight vein distortion and curling of the younger 
inner leaves and no shortening of petioles or dwarfing. In contrast, 
the plants in pot C show the effect of this virus after its subsequent 
passage through chickweed. The symptoms, extreme dwarfing ac« 
companied by severe curling of the leaves and severe vein distortion, 
were indistinguishable from those produced by the direct transfer of 
the virulent virus (pot A). Normal uninoculated beets are shown 
for comparison (pot D). 



Fioubb infected with virus attenuated by passage through Ckenopodium murale 


Fi^re 3 shows in detail the mild symptoms produced by the atten- 
uated form of the virus. Only the younger leaves are affected, the 
s^ptoms being slight vein roughening and curling of the blade. 
The leaf petioles are of normal length, and the entire plant is almost 
normal in size. This beet is one of the four shown in Figure 2, B. 

Figure 4 shows a test beet inoculated with the virus that had 
pass^ succes^veljr through Cheuopodium murale and^ SteUaria media 
and shows in detail the symptoms produced by what is called, in this 
{p.per, the restored virus. The beets m Figures 3 and 4 were of the 
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same age and inoculated on the same date, seven weeks before they 
were photographed. The extreme shortening of the leaf petioles and 
general dwarfii^ of the entire plant, characteristic of the virulent 
virus, is shown in the plant inoculated with the virus from ciiickweed. 

Several additional experiments were performed. The procedure 
was in general the same as that used in the preceding experiments. 
Table 2 gives the results of some of these experiments. 



Fkjure 4.— a l)eet of the stime age tus the one shown in Figure 3 and inoculated 
nt the same time but with virus that had l>een att enuated and later restored by 
passage through Stetlaria media 


TABhE *2.—-Re8ultH of inoculations of sugar beets with attenvated and virulent forms 
of curly-top virus before and after passing through Stellaria media 

[Ten leaf hoiJjiers were fed on each test beet for three days] 


virus used 

Beets in- 
oculated 

Beets infected 

Type of symptoms 

Before passage; 

Vlnilent. — - 

Number 

29 

Number 

Per cent 
80 

Severe. 

Attenuated 

30 

14 

46 

Very mild. 

After passage: 

virulent 

10 

10 

100 

Severe. 

Attenuated 

10 

10 

100 

Do. 


The results given in Table 2 show that the attenuated virus obtained 
from Chenopodium murale before passage through chickweed produced 
only very mild symptoms on the 14 beets infected. However, after 
passage through chickweed the symptoms were indistinguishable froni 
those produced by the original virulent virus. The increase in the 
amount of infection from the virulent form of the virus after passage 
through chickweed is probably not significant because of the small 
number of beets used, , , ^ j 

Another series of experiments (Table 3) were conducted over a 
period in which climatic and other environmental conditions vanecl 
a great deal, but the results of the various individual tests were 
practically of the same type and not at all contradictory. In senes 1 
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the attenuated virus was obtained from stock cultures on susceptible 
sugar beets. These cultures were originally secured by transfers 
from Chenopodium murale to beets and were maintained oy repeated 
taransfers from beet to beet. Likewise the restored form of the virus 
which was originally obtained by transfers from Stellaricb media to 
beets was in this series obtained from stock cultures maintained on 
susceptible beets. In series 2. the restored virus was taken directly 
from chickweed at the date of each inoculation. The attenuated 
virus was transferred directly from Chenopodium murale each time. 
The virulent virus in each series was obtained directly from beets 
infected with the stock virus. 

Table 3. — Results of inoculations of sttgar-heeis with virulent^ attenuated^ and 
restored forms of curly-top virus 


SERIES 1 • 



Virulent form of virus 

Attenuated form of virus 

Restored form of virus 

Date of inoculation 

Reets 

inocu- 

lated 



Beets 

inocu- 

lated 



Beots 

inocu- 

lated 


Type of 
synip- 
tom.s 

Beets 

infected 

Type of 
symptoms 

Beets 

infected 

Type of 
symptoms 

Beets 

infected 

July 14 




4 

2 

Mild 

4 

4 

Severe. 

July la 




4 

1 

do... - 

12 

4 

Do. 

July 17 





8 

6 

do 

12 

5 

Do. 

July 22 




8 

2 

do 

12 

10 

Do. 

July 25 - 




6 

1 

do 

5 

3 

Do. 

July 26 




4 

3 

do 

4 

4 

Do. 

July 29 




10 

2 

.....do 

5 

4 

Do. 

Aug. 2 




11 

7 

do 

4 

4 

Do. 

Aug. 4, 




6 

3 

do.... 

6 

4 

1)0. 

Aug. 11- - 




8 

0 

12 

12 

Do. 

Aug. 16 

4 

4 

Severe 

8 

1 

Mild 



1)0. 

Aug. 18 

1 


7 

6 

do 

9 

9 

Do. 

Aug. 20 

14 ! 

1 13 

Severe 

13 

2 

do 

6 

6 

Do. 

Sept. 4 

8 

4 

do 

8 

8 

! Do! 

Sept. 5 

7 

« 2 

Severe 

6 

2 

do 

6 

6 

Do. 

Sept. 9 

Sept. 12 

6 

! 4 

do.. ... 

13 

5 

do 

21 

11 

Do. 


1 6 

do.. - - 

33 

6 

do 

37 

29 

Do. 

Sept. 18 

20 

14 

do.. .. 

20 

7 

do,...- 

19 

15 

Do. 

Sept. 20 

18 

I 16 

do . , 

15 

2 

do 

19 

14 

Do. 




Total,.. - 

76 

50 


192 

62 


208 

159 






Percentage. 


77.6 



32.3 



76.4 










SERIES 2 b 


Sept. 29 

8 

« 

Severe 

8 

2 

Mild 

20 

16 

Severe. 

Sept. 30..., 


26 

1 

...do - 

30 

22 

Do. 

Got. 2 

7 

5 

Severe 

16 

8 

do--.. 

38 

25 

Do. 

Oct. 3- 

8 

8 

do 


28 

14 

Do. 

Oct. 7 

7 

6 

do 

20 

1 

Mild 

27 

25 

Do. 

Oct. 11 

12 

11 

do 

12 

1 

do 

26 

19 

Do. 

Oct. 15 

12 

11 

do.—. 

12 

0 

23 

18 

Do. 





Total 

54 

46 


94 

13 


192 

139 






Percentage 


85.2 

i 

! 1 

13.8 



72.4 




i 





• All virus strains from ‘‘stock cultures*' carried In sugar beets. 

» Virulent virus from beet “stock cultures; ** attenuated virus direct from Chenopodium; restored virus 
direct from Stellaria. 


The point to be noted from these two series of inoculations is that 
the results were very similar whether the restored form of the virus 
was transferred directly from chickweed to beets or was maintained 
continuously on beets before being used in these inoculations. This 
indicates the degree of stability of virus condition obtained. 
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While there were differences in percentage of infection in the 
individual experiments comprising these two series (Table 3), the 
respective average amounts of infection produced by the three forms 
of the virus and the respective types of symptoms are similar in the 
two series. 

Table 4 represents a summary of the inoculations performed in 
series 1 during September, 1930. The average incubation periods are 
representative of those found throughout these two series of inocula- 
tions. 

Table 4. — Summary of comparative tents performed in September ^ 1930^ with the 
three forms of the virus 


[rnociilations were made hy using two leaf lioppers to each test beet plant] 


Kind of virus iisod 

Beets 

inocu- 

lated 

! Average 
Beets infected \ 

I period i 

! 

1 Tyjie of symptoms 

! 

Original (virulent) 

Attenuated 

Restored.. 

1 

i Number 

\ 

i 

Number ! 
42 1 
21 1 
82 I 

1 

1 , 1 

Per cent ] Days j 

64 ; 0. 5 ! 

1 2h ! 13. 1 i 

! 74 i 9. 9 1 

! 

! Severe. 

1 Very mi^d. 
i Severe. 


As Table 4 indicates, the average incubation period of the original 
virulent virus is slightly shorter than that of the restored form, but 
the difference is probably not significant. By contrast, the incubation 
period of the attenuated fonn of the virus averaged considerably 
longer than for cither of the other two forms, and this difference 
seemed to be consistently maintained. While in this series of inocu- 
lations the percentage of infection produced by the restored virus 
was somewhat greater than that produced by the virulent form, the 
average for all experiments was slightly less. It is not believed that 
the differences are significant. 

Weighings were made of the entire plants while green, in ordt'r to 
get some measure of the effect of the three forms of virus on the size 
and development of the infected beets. Table 5 shows the total and 
average weights of a number of beets infected with virulent, attenu- 
ated, and restored forms of the virus, as compared with healthy 
normal beets of the same age. Forty-two plants were used in each lot. 

Table 5.- — Comparisons of green weights of normal sugar-beet plants and of plants 
infected with original^ attenuatedf and restored forms of virus 


{Weighings made eight weeks after inoculatinn] 


Kind of virus used 

Beets 

weighed 

i 

Total : A\orage 
freight ; weight 

Original (virulent) - 

Number 

42 

42 

42 

42 

Grams ! Grams 
138 = 3. 3 

407 1 9.7 

153 ; 3.6 

485 ; 11.6 

! 

Attenuate 

Restored _ - 

Healthy chenka _ _ - 



While the beets infected with the original virulent virus and the 
reistored form are generally severely affected, occasionally among these 
there is a beet that appears to be somewhat mildly diseased. The 
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disease is not so mild as that produced by the attenuated virus nor so 
severe as that usually produced by the restored form. Tests were 
conducted to determine the condition of the virus in a beet infected 
with the restored virus which showed such apparent lessening of 
virulence in comparison with the standard reaction for the same 
virus. By means of nonviruliferous leaf hoppers the virus was trans- 
ferred from the typical and atypical plants. Sixteen beets were in- 
oculated with virus from the beet with the milder symptoms, 12 beets 
were inoculated with virus from the beet with severe symptoms, and 
8 beets were inoculated as checks with virulent virus from a stock 
culture. In the first lot 14 of the 16 beets became infected; in the 
second, 10 of the 12, and in the third, 6 of the 8 beets became infected. 
The symptoms in all lots were about equally severe, but none re- 
sembled the symptoms of the mildly diseased beet used as a source of 
virus. Later, virus was again transferred from the two beets used in 
the test just described, sets of 11 young plants each being inoculated 
with the virus from each beet. All of these beets became severely 
diseased, with identical symptoms. These tests indicate that this 
apparent difference in symptoms may be attributable to an individual 
host response and is not a contradiction of the general findings. 

DISCUSSION 

While chickweed {Stellaria media) is the only plant tested exten- 
sivdy for restoration qualities, it is probably not an important factor 
in restoring virulence of the virus under natural conditions, because 
it grows in moist and shady places which are unfavorable to the leaf- 
hopper vector, Eutettix teneUus, This insect prefers dry and warm 

E laces in the semiarid regions. Alfileria {Erodium cicutarium L^Her.), 
owever, which plays an important r61e in the overwintering of the 
virus, is a very important host for the leaf hoppers in California dur- 
ing the winter and early spring. Investigations are now in progress 
to determine its effect on the attenuated virus. 

SUMMARY 

Virulent virus of the sugar-beet curly-top disease has been attenu- 
ated by passing it through Chenopodium murale. Experimental 
evidence indicates that this attenuation is due to a change in the 
quality of the virus rather than to the quantity of virus mvolved. 
The attenuated virus remained stable even though passed through 
successive generations of very susceptible sugar beets. 

The attenuated virus has been restored to its original virulence by 
passing it through Stellaria media. Virulent virus passed through 
S, media remained unchanged. 

The incubation periods of the virulent and restored forms of the 
virus were practically of the same length, but the attenuated virus 
had a much longer incubation period. 

The average weight per beet attained by the plants infected with 
the attenuated virus was almost three times that attained by beets 
inoculated with either the virulent or the restored forms of the 
virus. 

Tests of the virus from a beet infected with the restored virus 
which showed somewhat milder symptoms than normal indicated 
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that the virus involved was as virulent as that in the companion 
beets that were infected with the same virus and showed the typical 
severe symptoms. 

Stellaria media is probably of little importance in restoring the 
virulence of the virus imder natural conditions. 
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VITAMIN CONTENT OF THREE VARIETIES OF SPINACH ‘ 


By Hilda Black Kifkk, AsHuiani Nitirition Chemist, and Hazel K. Munsell, 

Senior Nutrition Chemist in Charge, Nutrition Studies Section, Bureau of Home 

Economics, United States Department of Agriculture 

INTRODUCTION 

Spinach (Spinacia oleracea L.) is recognized as one of our most 
valuable greens because it is an excellent source of vitamins and is 
available in the market all through the year. Since it is so extensively 
used many varieties have been developed, some of them differing 
materially in leaf shape, character, and color. Some varieties have 
smooth leaves, whereas the leaves of others are highly wrinkled or 
^^savoyed.” Leaf color varies from light yellowish green to dark 
green and bluish green. 

The Bureau of Home Economics was interested in determining 
whether a relationship existed between leaf type or color and the 
content of vitamins A, B, and C. Accordingly, in 1928 a study was 
undertaken in cooperation with the Maryland Agricultural JExperi- 
ment Station to determine the vitamin A, B, and C content of several 
selected varieties of fresh spinach. 

For two years preceding this study the Maryland station had been 
growing different varieties of spinach to determine those best adapted 
to local conditions of cultivation. All of the spinach used by the 
Bureau of Homo Economics in its tests w'as grown on the same plot 
of ground and during the same season. 

REVIEW OP LITERATURE 

VITAMIN A 

The association of vitamin A with greenness of plant tissues has 
been demonstrated by several investigators. Dye, Medlock, and 
Oist have shown that the vitamin A content of lettuce varies 
more or less directly with the greenness of the leaves. Kramer, 
Boehm, and Williams (4) foimd that the green outer leaves of Cali- 
fornia head lettuce of the Iceberg variety were thirty or more times 
richer in vitamin A content than the 'whitest leaves from the centers 
of the same heads, Steenbock and Sell {9) made a chlorophyll 
analysis of etiolated leaves, entirely free from chlorophyll obtained 
from fresh heads of cabbage plants which at the end of the growing 
season had failed to head. The analysis showed that the white 
loaves contained about one-tenth as much pigment as the green 
leaves, which were found by animal feeding experiments to be superior 
in vitamin content. Collison and coworkers (i) found that the vita- 
min A activity of the im saponifiable fraction from white cabbage 
was very small as compared with that of the corresponding fraction 
from the green leaves. 


* Received for publication Nov. 25, 1931; Issued June, 1932. Paper prf.sented before the American Chemical 
Society, Atlanta, Oa., Apr. 7--U, 1930. 
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Very little work has been done on the relation of leaf type to vitamin 
content. A study of the relation of vitamin A content to size of 
leaves of New Zealand spinach is reported bv McLaughlin (J); she 
found that the vitamin A concentration of the leaf was directly related 
to its surface area and inversely proportional to its thickness. No 
other studies on the relation between content of vitamin A and leaf 
type were found. 

VITAMIN B 

The term ‘‘vitamin as used in this paper refers to the complex 
consisting of both the antineuritic and antipellagric factors. No 
record of a study has been found in regard to the variation of vitamin 
B content with greenness and leaf form. 

VITAMIN c 

No reference was found in the literature to the relation of anti- 
scorbutic potency to leaf type or color. 

DESCRIPTION OF VARIETIES OP SPINACH (SPINACIA OLERACEA) 

The following descriptions of the three varieties of spinach which 
were used in this study are given by Geise and Farley ( 3 ): Variety, 
Virginia Savoy. — ^The plants are vase form, with leaves which are 
broad, thick, deeply wrinkled or savoyed, and dark green in color. 
Variety, Princess Juliana. — The plants grow very compact, with 
leaves heavily savoyed and bluish green in color. Variety, Viroflay, — 
The leaves are smooth or slightly crumpled near the base, spear 
shaped and thick, and are somewhat yellow green in color. 

EXPERIMENTAL PROCEDURE 

' VITAMIN A DETERMINATIONS 

The procedure for the determination of vitamin A was that outlined 
by Sherman and Munsell (7), with some modification. Young albino 
rats 28 or 29 days old were placed upon a basal diet devoid of vitamin 
A. It consisted of purified casein, 18 per cent; cornstarch, 67 per 
cent; dried brewers’ yeast, 10 per cent; Osborne and Mendel salt 
mixture, 4 per cent; and table salt, 1 per cent. This was irradiated 
with rays of an ultra-violet lamp at 20 inches for one-half hour. 
After a preliminary period on this vitamin-A-free diet to deplete the 
bodily stores of vitamin A, the animals were placed in individual 
cages and fed graded weighed quantities of spinach six times a week 
in addition to the basal diet. 

A litter of rats was used in such a way that when one rat of the litter 
was given a daily allotment of Virgima Savoy spinach, two otWs of 
the same sex and about the same weight were chosen, one to receive 
a like amount of Viroflay, and the other a like amount of Princess 
Juliana. Several litters, comprising a total of 82 animals, were used 
in this way, and eonclusions were drawn from the average of the 
individual gains in weight. The spinach leaves were picked fresh 
for each feeding, and the feeding portions of each variety were all 
taken from similar parts of the leaves. If part of the stem of one 
variety had to be used, similar amounts of stem sections of the other 
varietaos were used. 
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Figure 1 shows the average gain curves of groups of rats fed 0.025 g, 
0.012 g, and 0.006 g portions, respectively, of the three varieties of 
spinacn over a period of eight weeks. Sherman and Munsell have 
shown that the results obtained are more significant and more con- 
sistent when the rate of growth is about 3 g a week. Consequently, 
the relative vitamin A potencies of the three varieties of spinach are 
compared by determining the quantity of each which enabled the rats 
to gain at the rate of approximately 3 g a week. It will be noted that 
0.012-g portions of Virginia Savoy, Viroflay, and Princess Juliana gave 
total gams in vreight at the end of eight weeks of 22 g, 24 g, and 22 g, 
respectively. These results indicate that the three varieties are about 
equally potent in vitamin A. 

This indication is further substantiated by the results obtained from 
feeding 0.025-g portions of each variety, all of which induced about 
equal growth rates. Furthermore, the total average gain in weight 
for the eight weeks of the groups that received 0.006-g portions, 
respectively, of the three varieties, was in each case 8 g. 

VITAMIN B DETERMINATIONS 

The determination of the vitamin B content of fresh spinach was 
begun before methods for testing for the two components of vitamin 
B were available. The method used was that of Sherman and Spohn 
(^), which makes no distinction between the two factors of vitamin B. 
All rats were kept in cages having raised screen bottoms and were fed 
a basal diet of purified casein, 18 per cent; cornstarch, 68 per cent; 
butterfat, 8 per cent; cod-liver oil, 2 per cent; Osborne and Mendel 
salt mixture, 4 per cent. In addition to the basal diet the animals 
were fed graded weighed portions of the three varieties of spinach 
six times a week. 

The average gain curves are given in Figure 2. The groups of 
rate fed daily portions of 3 g of Virginia Savoy, Viroflay, and Princess 
Juliana had made total gams in weight of 40.5 g, 39.8 g, and 37.5 g, 
respectively, at the end of seven weeks (when the test period was 
terminated). These results indicate that the three samples of spinach 
contained about equal quantities of vitamin B. This conclusion is 
further justified by the results obtained when 2-g and 1-g portions 
were fea. The groups which received 2 g daily of Virginia Savoy, 
Viroflay, and Princess Juliana had made total gains in weight at the 
end of eight weeks of 9.5 g, 14.3 g, and 16.3 g, respectively. One gram 
a day of each sample of spinach just sufliced for body maintenance. 

VITAMIN C DETERMINATIONS 

The method used to determine the vitamin C content of spinach 
was that described by Sherman, LaMer, and Campbell (6). The 
basal diet consisted of heated skim-milk powder, 30 per cent; a mixture 
of equal parts rolled oats and bran^ 59 per cent; butterfat, 10 per cent; 
and table salt, 1 per cent. In addition to the basal diet, a 1-g portion 
of each variety of spinach was given daily, six times a week. Since 
the supply of spinach was limited only a small number of animals 
were used, and the experimental period was terminated at the end of 
77 days. 
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The resulte of the feeding tests with the spinach are given in Table 1 . 
The two animals which were fed Virginia Savoy grew well and at 
autopsy showed no symptoms of scurvy. Of the 3 guinea pigs receiv- 
ing Viroflay, 2 grew normally, and 1 did not tlu*ive. It died on the 
seventy-sixth^jdayjand at autopsy showed mild symptoms of scurvy. 






Piques l.—Average changes lu weight of groun 
of rats fed 0.026 g (A), 0.012 g (B), and 0.006 { 
(C) of fresh spinach as the sole source of vita 
min A. In the case of the negative controls th< 
broken line represents the average weight oj 
the surviving animals until all had died 


Piques 2.— Average change in weight of groups of 
rats fed 8 g (A), 2 g (B), and 1 g (C) of fresh spin- 
ach as the sole source of vitamin B complex. 
The broken line represents the average weii^t 
of the surviving anmuda until all had died 


Three guinea pigs were fed Princess Juliana, and all gained in weight 
and lived to the end of the experimental period but on autopsy showed 
symptoms of scurvy. The data are insufficient to warrant definite 
indications, but it would seem that Princess Juliana was slightly less 
potent in vitamin C than t^e other two varieties tested. 
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Table 1 . — Kesulia obtained when guinea pigs were fed 1-g 'portions daily {six times 
weekly) of three varieties of fresh spinach as the sole source of vitamin C 


No. 


Variety of siiiuach used to 
supplomimt basal diet 


Weight of animals dur- 
ing tost iieriod 


Bogin- 1 Maxi- 
ning I mum 



I Virginia Savoy.. 


Iroflay.. 


98 M. 

99M. 

101 M. 

102 M . 

10»M. 

104 M. 

105 M >Princess Juliana 

lOfiM. I 

107 M I (’ontroL.. 


I Grains * 
342 
353 
328 

300 
322 
373 

301 
353 
320 


Grams 

676 

702 

550 

806 

306 

690 

388 

092 

326 


Final 

Grams 

678 

702 

550 

806 

258 

067 

388 


ChaugH 
in weight 

Sur- 

Dogroo of scurvy 

of animals 

vival 

symptoms at 

during 
lest period 

iMsriod 

autopsy 

Grams 

Days 


+334 

77 

None. 

+349 

77 

1)0. 

+222 

77 

1)0. 

+446 

77 

Do. 

-64 

76 

Nona to mild. 

+294 

77 

1)0. 

+27 

77 

Mild. 

+285 

77 

Do. 

-133 

20 

Mild to spvcri*. 


SUMMARY AND CONCLUSIONS 

Studies were made with three varieties of spinach to deteriuiiie 
whether any correlation existed between vitamin potency and leaf 
type or leaf color. 

The vitamin A content of the three varieties of spinach tested was 
about equal. 

The three varieties of spinach seemed equally potent in the vitamin 
B complex. 

The results indicate that Princess Juliana probably contained 
slightly less of vitamin C than the Virginia Savoy and Viroflay. 

No relationship between leaf type and vitamin A or B content was 
detected. The variety with heavily savoyed, bluish-green leaves 
seemed slightly less potent in vitamin C than the other two varieties. 
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CHEMICAL AND PHYSICAL PROPERTIES OF PETROLEUM 

SPRAY OILS‘ 


By Jesse R. Ghken 

Assistant Chemist^ Department of Chemistry , Montana Agricultural Experiment 

Station 

INTRODUCTION 

Petroleum oils have long been employed as insecticides, but the 
injury that they cause, especially to the foliage of plants, consti- 
tutes a serious objection to their use. The literature of the subject 
has been reviewed by Kelley (8, P),* Green and Johnson (J), and others. 

Petroleum oils are liighly complex substances. A complete analysis 
of a crude oil, showing all the individual compounds of which it is 
composed, has never been reported. The number of compounds in 
petroleum is veiy ^eat, ana their close similarity is the principal 
difficulty in separating and identifying them. 

The analyses reported in this paper were made for the purpose of 
determining what properties of an oil may be used as a guide'in esti- 
mating the injury that it will cause to plants. 

METHODS OF ANALYSIS 

For this work, a series of 13 samples of oil were chosen from a large 
number of spray oils that were available. An effort was made to 
select samples representative of the oils that were most injurious to 
plants, those that were least injurious, and a few that were inter- 
mediate. The most injurious oils are among those used as sprays 
on dormant trees and are not generally used on foliage. 

The samples may be divided roughly into two classes, the light 
or highly refined oils, with a sulphonatable portion of less than 16 per 
cent, and the dark, or poorly refined oils, with a sulphonatable portion 
of more than 16 per cent. The term refined is used in this work to 
indicate the degree to which the materials soluble in sulphuric acid 
are removed, either by sulphuric acid or by liquid sulphur dioride. 

The method used to determine the sulphonatable portion is that 
recommended by Marshall {12). Twenty cubic centimeters of 37 N 
sulphuric acid is added in small portions to a 5 c c sample of oil 
in a Babcock cream-testing bottle, or an American Society of Testing 
Materials sulphonation bottle, and the bottle is immersed in an ice 
bath and shaken continuously imtil the temperature no longer rises. 
It is then put in a water bath at 100® C. and shaken at 10-minute 
intervals for 1 hour. At the end of that time sulphuric acid, having a 
specific ^avity of 1 84 is added, until the clear unsulphonatable 
portion rises in the graduated neck of the flask. It is then centri- 
fuged and the portion that has been sulphonated is calculated as the 

1 Keoeivdd for publication Sept. 20, 1031; Issued June, 1032. Paper No. 8 of the Journal Series of the 
Montana Agricultural Experiment Station. Contribution from the Department of Chemistry. 

* Refereuoe is made by number (italic) to Literature Cited, p. 786. 
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percentage of the original sample. With nearly all the samples, the 
method was found to give results that conformed closely to those 
furnished by the manufacturers. 

Sulphur was determined by the oxygen-bomb method of Cross (S). 
The sample was completely oxidized in a bomb under 35 to 40 atmos- 
pheres pressure of oxygen and the sulphur subsequently determined 
m the residue as banum sulphate. 

The determination of nitrogen was carried out according to the 
regular Kjeldahl method. A large sample (5.6 g) was taken and 
digestion was carried out slowly with the addition of successive por- 
tions of sulphuric acid until the oil had been completely oxidized and 
the solution was clear. Considerable care was taken at the beginning 
of the digestion in order not to cause too much frothing or volatiliza- 
tion of the oil. It was only with the dark, poorly refined oils that any 
trouble was encountered. 

Acidity was measured by titrating a 10-g sample of oil in 50 c c 
of 95 per cent alcohol with 0.10 N alkali. The results were calculated 
to percentage of oleic acid, as suggested by Cross (S), The hydrogen- 
ion concentration was determined on the water extract prepared by 
shaking together for 1 hour 50 c c of oil and the same amount of 
water. A Bailey hydrogen electrode and a standard potentiometer 
were used to make the measurements. 

The method of measuring bromine absorption was essentially that 
described by Scott (/>{) and Allen (/), which is a modification of the 
method proposed by Mcllhiney {10, 11). Although bromine numbers 
are commonly determined on edible oils and dicing oils, a satisfactoi’y 
procedure has in this case been developed for petroleum oils. 

Two-gram samples of oil were weighed into glass tubes of a con- 
venient size, made by cutting off small test tubes about 1 cm in 
diameter. Each tube was then lowered into a clean diy 500 c c 
Erlenmeyer flask and 10 c c of carbon tetrachloride was added. 
Prelimbiary experiments showed that time and temperature affect the 
determination, so the reaction was carried out in a bath of melting 
ice and the time intervals were measured with a stop watch. 

A short-stemmed separatory funnel, calibrated to deliver 25 c c por- 
tions, was fitted into the stopper of an Erlenmeyer flask. The funnel 
was filled with water, and a cylinder containing 70 c c of water and 5 
c c of 60 i)cr cent potassium iodide solution was set wdthin easy reach. 

An excess of approximate 0.33 N bromine-carbon tetrachloride 
solution was added to the sample in the Erlenmeyer flask. Usually 2 
c c of the bromine solution was sufficient, but with the darker oils 
4 c c was required. A large excess of bromine was avoided, as this 
would have mfluenced bromine absorption, as would also time and 
temperature. Immediately after the bromine was added, the sep- 
aratory funnel, filled with water, was put in place and the stop watch 
was started. The flask was shaken for exactly 1 minute in the ice 
bath, after which 25 c c of water was added. After another one-half 
minute of shaking the 70 c c of water and 5 c c of potassium iodide 
solution were added. The addition of the last portion of water 
terminated the absorption of bromine by the oil. The remaining 
bromine was then titrated with standard 0.10 N sodium thiosulphate, 
starch being used as an indicator. 

The aqueous portion contained the hydrobromic acid formed by 
bronuaab and the hydrogen liberated by bromine substitution. This 
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was separated from the oily layer of carbon tetrachloride and titrated 
with standard 0.10 N alkali. The indicator used was a methyl red- 
methylene blue proposed by Johnson and Green (7). A blank run 
was made containing all the reagents used in the determination. The 
difference in the amount of sodium thiosulphate used in the blank 
and that in the sample represented all the l)rominc absorbed by the oil. 

Viscosity, flash point, and fire point were determined by standard 
methods used by the United States Government {15) for lubricating 
oils. Specific gravity, color, and emulsification with water were 
determined by the methods of Cross {S). 

Color was measured against a standard solution (containing 5 mg 
of iodine per 100 c c of water. The readings were taken in a Kleint 
colorimeter instead of by ordinary comparison tubes as suggested by 
Cross. The color of the iodine solution was taken as 1 and compari- 
sons were made on this basis. 

The values for emulsification arc expressed in minutes required for 
a mixture of 27 c c of oil and 53 c c of water to sceparate after being 
stirred according to a strictly specified procedure. 

The measurements of surface tension wxre made with a Du Nouy 
apparatus. A platinum wire loop exac.tly 4 cm in circumference w^as 
lowered beneath the film to be measured. The force required to pull 
the loop through the film was determined and expressed in dynes per 
cfmtimeter of film. The emulsions used for surfatjc film strength 
measurements w'(‘re 4 per cent and 8 per cent cresoap, water, and oil 
(unulsions prejiarcd according to the formula for field emulsions of 
Melander, Spuler, and Grecm {IH), The cresoap w^as also prc'pared 
from fish oil, potassium hydroxide, and cresol by the method of these 
writers. 

Injury to plants was determined by applying the oils to tlie leaves 
of barley seedlings. The seedlings wvre grown in pure quartz sand 
and a nutrient senution of the following proportions w^as used. 

240 c c of 1 molar Kn 3 p 04 . 

192 c c of 1 molar Mg 804 . 

192 c c of I molar Ca(N 03 ) 2 - 
24 c c of 0.01 molar FeCls. 

23, 352 c c of distilled water. 

24, 000 c c total. 

For each sample 12 barley kernels were planted in a small jar 10 by 
14 cm. Extra jars were always planted so that those which were not 
up to standard might be discarded. In a light, warm room the seed- 
lings would reach a height of 5 cm in about 7 days. They were then 
thinned to exactly 10 plants and the oil to be tested was applied care- 
fully on both sides of the leaves with a camel’s-hair brush. At the 
expiration of 3 to 5 days the treated seedlings were cut and weighed. 
At the same time control seedlings were cut and weighed. The per- 
centage loss in weight of the treated plants, as compared with that of 
the control plants, that is, the difference in weight between the two, 
was used as the measure of injury. 

Conditions for these experiments can not be exacUy standardized, 
for practical reasons. With a more elaborate eciuipment of light, 
temperature, and humidity control, standard conditions might have 
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been more nearly approached. However, the method was quite suc- 
cessful as it was conducted, the results checking closely with those of 
duplicate determinations run at the same time. 

An attempt was made to use bean plants, but because of the lack of 
uniformity m the plants it was discontinued. A few trials were made 
with pairs of bean leaves on the same plant, one leaf being treated 
and the other used as a control. This method is good when the degree 
of injury is determined by observation alone, but it is not satisfactory 
when more exact quantitative results are desired. 

In order to find out whether or not the effect on barley seedlings 
would serve at least as an indication of the injury to be expected on 
apple leaves, a single series of determinations was made in the orchard. 
Each sample of ml was applied to both sides of 20 leaves on three 
different limbs, and at the expiration of 16 days the treated leaves 
were gathered and weighed. This experiment was conducted at a 
time when the leaves were making very rapid growth. The trial 
was carried on for too long a period, however, as some of the stronger 
oils completely killed the leaves, nevertheless the purpose of the 
experiment was fairly well accomplished. 

EXPERIMENTAL RESULTS 

INJURY 

The method of determining oil injury by its effect on barley seed- 
lings was developed after most of the analyses had been made. For 
a considerable time there has been a need for some standard with 



FiouRBl.~>I]iJary done to apple leaves and to barley seedlings when various oils were used for 

spraying 

which the properties of the oils might be compared. Very early in 
the study Green and Johnson (J) attempted the measurement of oil 
mjuxy by the changes in the respiration of plants. The changes 
proved to be too small and uncertain to measure by the methods 
then available, so the idea was abandoned. However^ the results 
showed /that the poorly refined oils caused an increase while the highly 
^^finea oils caus^ a decrease in the rate of respiration of bean leaves. 




Ma7lM032 


Properties of Petroleum Spray Oils 


777 


After developing the barley-seedling method for determining injury 
it was necessary to show that the results with this method were com- 
parable to those obtained in the orchard. The data given in Table 1 
and Figure 1 show the analyses of the oils and the relative injury that 
they caused to barley seedlings and apple leaves. In Figure 1 the 
oils are arranged in the order of increasing injuiy to barley seedlings. 
Oil No. 24, a colorless, highly refined on with a paraffin base (the 
product of an eastern manufacturer) is the least injurious, while oil 
No. 15, a poorly refined, western oil, with a probable asphaltic base, 
is the most injurious. 

Table 1 . — Analyses of spray oils and injury produced on barley seedlings and apple 

leaves 


Analyses 


Spray Oil No. 

Vis- 
cosity 
(Say- 
bolt at 
100® F.) 

Flash 

point 

Fire 

point 

Color 
as com- 
pared 
with 
solu- 
tion 
con- 
taining 
5 mg 
iodine 
per 100 
cc 

Emul- 
siflea- 
tlon 
with 
water 
alone 
(min- 
utes re- 
quired 
for oil 
to sep- 
arate) 

Emul- 
sifica- 
tion 
with 
water 
(crosoap 
as emul- 
sifying 
agent) 

Surface 
tension 
of pure 
oil 

Surface 
tension 
of 4 per 
c^nt 
ert^soap 
emul- 
sion 

Surface 
tension 
of 8 per 
cent 
cresoap 
emul- 
sion 

Spe- 

cific 

grayity 

by 

West- 

phal 

balance 

3 

113 

®F. 

310 

' ® F. 1 

i i 

0) 

0.5 

(») 

Dynes 
per em 
35.4 

Dynes 
per em 
40.6 

Dynes 
per cm 
35.4 

0.873 

4 

63 

280 

295 

1 0.20 1 

5.0 


34.6 

36.1 

36.1 

.861 

6 

136 

316 i 

366 ! 

: 6.00 

36.0 


36.6 

41.7 

41.9 

.919 

8 

426 

300 j 


1 33.33 

6.0 

{*) 

37.0 

42.8 

39.2 

.930 

12 

125 

316 < 

' 366 

! 12.60 

17.0 

(») 

36.0 

42.2 

41.9 

.908 

13 

82 

300 I 

j 340 1 

i 3.60 

6.0 

(<) 

36.3 

38.4 

38.6 

.908 

16 

62 

270 

300 j 

I 3.50 

7.0 

(*) 

35.6 

40.4 

39.7 

.896 

w 

60 

280 

310 I 

i .36 

4.0 

(*) 

84.6 

37.1 

35.3 

.874 

20 

98 

380 

360 

.13 

.5 

(») 

34.8 

38.1 

36.6 

.879 

21 

60 

260 

200 

.37 

3.0 

(*) 

36.1 

37.6 

35.8 

.884 

22 

60 

286 

305 

.25 

.6 

(») 

34.9 

37.4 

34.9 

.863 

24 

68 

360 

390 

(0 

.5 

(») 

34.1 

30.3 

35.1 

.837 

28 

no 

325 

375 

8.60 

9.0 

(») 

36.1 

41.9 

39.7 

.923 


I 

Analyses I Injury to— 


1 

Spray oil No. : 

Sulpho- 



Bro- 

Bro- 

Bro- 

Free 
fatty 
acids as 



i Barley 
i seed- 
i lings 

Apple 

leaves 

nat- 

Sul- 

NltlO- 

mine 

mine 

mine 

CHX 

pH 1 

as per- 


able 

phur 

gen 

absorp- 

substi- 

addl- 

per* 

io-« 

; centage 
loss in 

centage 


portion 

tion 

tution 

tion 

of oleic 



loss in 

i 







acid 



; weight 

weight 

i 

Per 

Per 

Per 

Per 

Per 

Per 



1 




cent 

cent 

cent 

cent 

cent 

cent 






3 i 

6.0 

0.020 


0.24 

0.01 

0.22 

0.028 

0.0136 

5.866 

14.7 

47.8 

4 

12L0 

.021 

.89 

.26 

.37 

.028 

.0308 

6.511 

32.1 

68.8 

6 1 

41.6 

.290 

w 

6.78 

2.76 

.21 

.170 

.6420 

4.193 

52.5 

83.8 

8 

63.0 

.666 

0.025 

5.94 

2.04 

1.86 

.170 

.0320 

5.495 

38.0 

69.2 

12 

27.6 

.350 

.080 

6.48 

2.28 

.92 

.085 

.1460 

4.836 

45.6 

70.9 

13 

81.2 

.380 

.012 

4.98 

1.62 

1.69 

.056 

.2080 

4.683 

59.6 

76.3 

15 

26.4 

.213 

.011 

4.80 

1.98 

.24 

.085 

.6940 

4.260 

60.7 

83.9 

16 

10.0 

.110 

.008 

.98 

.26 

.46 

.028 

.4520 

4.346 

31.0 

83.9 

20 

1.0 

.041 

.002 

.52 

.08 

.36 j 

.028 

.0092 

6.036 

28.8 

40.9 

21 

1 15.6 

.042 

.008 

<•) 

1.43 

.42 

.59 

.042 

.0456 

5.342 

40.4 

79.6 

22 

> 2.0 

.048 

.34 

.06 

.12 

.042 

.0100 

6.002 

14.4 

38.9 

24 


.042 

0 

.08 

.02 

.04 

.014 

.0116 

5.934 

7.8 

11.0 

28 

.670 

8 

6.40 

3.14 

.26 

.120 

.1920 

4.717 

58.7 

70.1 

> No ooloi 

\ 9 Very poor. 

•Poor. 

< Good. * 

Very good. * 

> None. 

» Trace. 
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The barley-seedling injury curve is the average of three determina- 
tions carried on at different times, while the cup’e for apple-leaf 
injury is the result of a single series of determinations, and hence is 
not so regular. With the exception of oil No. 16, the results are fairly 
comparable and indicate that the injury to barley seedlings is a fair 
measure of the injury to be expected on apple leaves. 

As previously stated, some preliminary experiments were made on 
bean plants. Figure 2 shows two bean plants on which one of each 
of the pairs of leaves was treated with highly refined white oils, 3 and 
24. The treated leaves appear little injured. Figure 3 shows leaves 
similarly treated with oils 5 and 28. Both of these oils are dark and 
poorly refined, and they caused very great injury. 



FrouJtK 2.— Typical results obtained when white oils were applied to bean plants: A, Leaf with 
collar on its stem was treated with a highly refined oil, No. 24; B, leaf with collar on its stem was 
treated with a highly refined oil, No. 3 


EMULSIFICATION 

It is generally believed that the more easily an oil emulsifies the 
greater will be its injury to plants. Figure 4 shows a series of 8 per 
cent cresoap emulsions of the oils arraimed in the approximate order 
of tlieir ability to remain emulsified. These emulsions were all pre- 
pared in the same manner and were the samples used in the surface 
tension measurements. The more transparent tubes are the poorer 
emulsions and were made from oils 3, 24, 20, 4, and 22. They are 
among the less injurious. The tubes of more stable emulsions (on the 
left of fig. 4) are the less transparent, and were made from the 
injurious oils 28, 5, 12, and 15. 

A more quantitative expression of the ease of emulsification of 
the oils is given in Table 1. Figure 5 shows that the oils which pro- 
duce the most stable emulsions cause the greatest injury. 

SUEFACE FILM 

In attempting to devise a method for the measurement of the 
covering capacity of the oils it was found that only those oils with 
« sidphonatable portion of more thim 6 per cent would, of their 
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F1(}ukk 3.— Typical results obtained when dark poorly refined oils were applied to bean plants; 
A, The badly injured leaf was treated with oil No. 6 , which had a sulphonatablo portion of 40.1 
per eent; B, the badly damaged leaf was treated with oil No. 28 which has a sulphonatable iM)r- 
tion of 30.2 per cent 



Fiottbs 4.r-A sories of 8 per cent oil*water emulsions, emulsified with cresoap, arranged in the 
apivoximate order of Increasing stability of emulsions 
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own accord, form a film on water. Oils 3, 20, 22, and 24, all with 
a sulphonatable portion of 6 per cent or less, would not spread on 
water, and these are among the least injurious. The oils with more 
than 6 per cent sulphonatable material spread on water, and these 
are generally more injurious. There is evidently a close relation 
between the degree of sulphonation and the ability of the oil to 
spread and also to emulsify. According to the Langmuir theo^, 
tne sulphonatable materials, or the materials which spread easily 
on water, are polar compounds, one portion of which is strongly 
attracted by water, while the opposite portion is repelled. 

The attempts to measure the covermg capacity of the oils were 
made with the object of finally determining the molecular size. 
After one film of oil had been applied to the surface of the water, 
the addition of more oil caused it to be driven into a smaller space 
with a piling up of the molecule to an unknown thickness. Figure 



6 shows the action of one film in driving aside another which had 
already been spread over the surface. The very dark portion around 
the outer edge of the watch glass, which is carbon black, was dis- 
persed from the surface of the water by the spreading of the first 
film. The surface was then covered with a lighter colored dust 
(talc) and this was dispersed by applying more oil to the center of 
the surface. The process can be continued until the fourth or fifth 
film has driven the others to the outside. From these results it is 
apparent that the molecules of oil must be crowded until they are 
piled up as a polymolecular l4yer, the thickness of which is irregular 
and can not be measured. 

SURFACB TENSION, COLOR, VISCOSITY, FLASH POINT, FIRE POINT, AND DENSITY 

As m^ be seen in Table 1, the differences in surface tension are 
small. The pure oils vary from 34.1 dynes for oil No. 24 to 37.0 
for oil No. 8. If there is any trend, it is for higher surface 
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tension to be found in oils with greater amounts of sulphonatable 
materials, or those which cause greater injuiy. The surface tension 
of the emulsions parallels closely that of the" pure oils, as would be 
expected. 

The results of this investigation indicate that the color of an oil is 
related to the injury that the oil may cause to plants, The relation 
of color to injury parallels closely the relation of the sulphonatable 
portion to injury, and it is not known which of these variables is 
responsible for the damage to plants. Sulphonation, or treatment 



Fioure 6.— Photograph demonstrating the ability of one oil film to ^“terpo^ itwlfuponanot^ 

The black outer ring Is carbon black dispersed by the first film. 1 he lighter colored 
cles, covering largely the central iwrtlon, were spread upon the first film and were dispersed by 
the addition of more oil to the center of the surface 

with sulphuric acid, removes the dark materials and, as Bell (2) 
has pointed out, they may also be removed by filtration, but no 
data are available on the effect of filtration. i i- i 

Viscosity, flash point, fire point, and density seem to have little 
relation to the amount of injuiy caused by the oils. Viscosity receives 
a great deal of attention in spray practice, but, on the basis of the 
data presented here, it does not appear to be related to mjury. Ihe 
values for density show a slight general increase with increasing 
injury. 

121764r-32 1 
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SULPHONATION 

The compounds removed from petroleum oils by sulphonation 
have been only approximately determined. It is obvious that the 
more reactive substances would unite with sulphuric acid. Gnise 
(6, p. 121)y quotes Zaloziecki as giving the following outline for the 
reaction of sulphuric acid and petroleum: 

Sulfur compounds, resins and petroleum acids are dissolved or precipitated. 
Nitrogen bases and some unsaturated hydrocarbons are combined with the 
acid. Unsaturated hydrocarbons are polymerized. Some unstable hydro- 
carbons are oxidized. Aromatic hydrocarbons are sulfonated. 

Undoubtedly sulphonation removes materials which cause injuiy 
to plants. Gray and De Ong (4) state that the sulphonation test is 
the best single criterion by which to determine whether or not a 
spray oil has objectionable properties. Their conclusions are con- 
firmed by the results of this investigation. The greatest inconsist- 
ency in the correlation of injury with sulphonation is shown by oils 



Figure 7.— -The relation of chemical properties of spray oils to injury of barley seedlings 


13 and 15. These are the most injurious oils, but their sulphonatable 
portion is only 31.2 and 26.4 per cent, which is not so great as oils 
5, 8, and 28. 

BROMINE ABSORPTION 

As sulphuric acid combines with the more reactive materials, 
bromine should do somewhat the same. From Figure 7, which pre- 
sets the values for sulphonation and bromination, it is apparent 
that there is a relation between the two reactions. Bromine addition 
is a measure of the unsaturated, or multiple bonded, compounds. 
Bromine, being very active, easilv combines at the point of multiple 
bonds and thus the compound becomes saturated. In other com- 
pounds where hydrogen atoms are held loosely, bromine easily takes 
the place of these poorly attached atoms and becomes fixed in the 
molecule by the process of substitution. The hydrogen Uberated 
then unites with uncombined bromine, forming hydrobromio acid. 
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Every atomic weight of hydrogen displaced forms a molecular weight 
of hydrobromic acid. By titration of the hydrobromic acid it is 
thus possible to calculate the amoimt of bromine used in substitution. 
The compounds that take part in substitution are of the unstable 
class and may be active in plant injury. 

The total bromine absorption, minus the bromine used for sub- 
stitution, is expressed as bromine addition. If the unsaturated com- 
pounds of petroleum are ever proved to be the cause of plant injury, 
the measurement of bromine addition in spray oils will become an 
important phase of the analysis. 

SULPHUR AND NITROGEN 

Sulphur and nitrogen were present in comparatively small amounts 
in the oils examined. The maximum quantity of sulphur, 0.57 per 
cent, was found in oil No. 28 and the maximum quantity of nitrogen 
in oil No. 12. The fact that some of the very injurious oils, 5 and 28, 
contain only a trace of nitrogen, or none at all, tends to remove any 
suspicion that might be held regarding the injurious effects of nitrog- 



Fiovke 8.— The relation of the acidic properties of spray oils to injury of barley seedlings 


enous compounds. The larger quantities of sulphur in the oils leave 
their part m plant injury still an open question. 

ACIDITY 

After the free acids had been run and the slight relation of these to 
injury noted (fig. 8), the hydrogen-ion concentration was determined. 
The four least injurious oils, 24, 22, 3, and 20, were found to have a 
very low hydrogen-ion concentration. From this point on the injury 
curve the acidity increased irregularly. Oils 16, 5, and 15, have an 
abnormally high hydrogen-ion concentration. 

MODIFIED OILS 

Because of some of the findings previously mentioned, experiments 
were conducted to improve the ous, and the search for the portion 
of the oil causing injury was continued. Since emulsification with 
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water had been shown to be related to injury, a small sample of the 
most injurious oil, No. 15, was subjected to long-continued washing 
with water. A 50 cc sample was put in a small percolating cylinder 
with an inverted siphon connected with the bottom. Water was 
allowed to drop into the cylinder, down through the floating layer 
of oil and out through the siphon. The falling water contmually 
agitated the oil and carried out with it any soluble materials or com- 
pounds easily emulsified. The washing was continued for about 
eight hours and the oil was later tested on barley seedlings. As 
shown in Table 2, the normal oil caused an injury of 40.6 per cent, 
while the washed oil caused an even greater injury, 46.1 per cent. 
Tests were also made to determine the effect of complete sulphonation. 
Oils 5 and 15 were completely sulphonated according to the standard 
method. The improvement in oil No. 15 was very slight. An in- 
jury of 37.0 per cent was caused by the completely sulphonated oil 
No. 15 as compared with 40.6 per cent for the normal, while with 
oil No. 5 the injuiy decreased from 44.6 per cent for the normal to 
24.6 per cent for the sulphonated. In the same series the completely 
sulphonated oil No. 24 caused an injury of only 12.8 per cent. These 
results indicate that sulphonation of spray oils is not a complete 
remedy for plant injury. 

Oil No. 24 has been previously mentioned as an eastern oil with a 
paraffin base. Oil No. 3 is probably in the same class, but the other 
oils are from western fields. In view of the great difference in the 
degree of injury caused by completely sulphonated oils No. 24 and 
No. 15 it is probable that the location from which the crude oil was 
taken may have had an important bearing on the results. At least 
all injury can not be attributed to the sulphonatable portion. 


Table 2. — Loss in weight of barley seedlings during an interval of five days after 
spraying with oils Nos. 15 j and 5 which had jyreviously undergone various 

treatments 


Oil 

No. 


24 


16 

6 


Treatment of oil 


[Normal 

With 1.0 per cent ethyl mercaptan added.. 
I With 0.06 per cent ethyl mercaptan added. 
I With 1.0 per cent ethyl sulphide added... 

With 0.05 per cent ethyl sulphide added 

I With 1.0 per cent amylene added 

[Normal 

Completely sulphonated 

[Washed for eight hours with water. 

[Normal 

[Completely sulphonated 


Loss In 
weight of 
barley 
seedlings 
(dupli- 
cate de- 
termina- 
tions) 


Par cent 
12.8 
14.8 

24.0 
16.2 
19.7 

16.1 

40.6 

37.0 

46.1 

44.6 

24.6 


The data in Table 2 show the effect of adding two of the probable 
sulphur compounds of petroleum (ethyl sulphide and ethyl mercaptan) 
and one ui^aturated hydrocarbon (amylene) to oil No. 24. In every 
case the injury was greater than that produced by the normal oil, but 
there is an apparent inconsistenev with the sulphur compounds, in 
that the greater additions of sulphur caused the smallest increase in 
injury. 
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A series of experiments designed to change the aciditj of an oil 
was made. Oil No. 15 was treated in three different ways. The 
first process was a distillation with steam for six hours in a strong 
sodium ^droxide solution followed hj a thorough washing with 
water. The second process was a distillation with steam without 
alkali, and the third consisted in shaking a sample of the oil with an 
equal quantity of 50 per cent sodium hydroxide m a shaking machine. 
The treatments with alkali were intended to neutralize any acids 
present and the steam distillation without alkali would have driven 
off any easily volatile acids. The relative toxicity of the oils treated 
by the three processes was determined by their effect on barley 
seedlings, but no improvement in the oils was observed as the fol- 
lowing data show: 


Treatment of oil — Loss in weight of barley seedlings in five days {duplicate 

determinations) 


Per cent 

Oil, with addition of an equal quantity of 50 per cent NaOH steam dis> 

tilled for six hours, then washed thoroughly with water 66. 8 

Oil steam distilled and not washed. 72. 7 

Oil, with addition of an equal quantity of 50 per cent NaOJl, in shaker for 
five hours, then washed thoroughly with water 52. 2 


Another series of trials was made with oil No. 15. Samples were 
treated separately with bromine, potassium permanganate, distilled 
with steam and sulphuric acid, shaken with soil, and the sample that 
was distilled with steam and alkali in the foregoing trials was washed 
with a large quantity of very dilute hydrochloric acid and then with 
water. The following results were obtained : 


Treatment of oil — Loss in weight of barley seedlings in three days {duplicate 

determinations) 


Shaken with KMnO^, washed thoroughly with water, treated with potas- 
sium oxalate solution, and again washed thoroughly with water 

Shaken with excess of bromine, let stand overnight, and washed thoroughly 

with water i 

Oil that was steam distilled with strong alkali (see tabulation above), 
washed with large quantity of 0.10 N HCl, and then washed thoroughly 

with water 

Distilled with steam and three times its volume of commercial H 2 S 04 

Shaken with an equal weight of clay soil, centrifuged, and washed 

Normal oil, no treatment 


Per cent 

20.3 

29.7 


30, 7 
12. 5 
21 . 1 
19. 5 


The treatment with bromine should bring about complete satura- 
tion of the oil, while the action with potassium permanganate, 
although less definite, should tend to make the reactive compounds 
in the oil more stable. The distillation with steam and commercial 
sulphuric acid was only a modified sulphonation, and it will be noted 
that this was the only one of the processes that produced beneficial 
results. 

The steam-alkali distilled sample brought forward from the work 
presented in first tabulation above was washed with dilute acid for 
the purpose of neutralizing any sodium salts of organic acids that 
might have been formed by the alkali treatment. The experiment was 
not successful however, for this sample was the most injurious of the 
group. 

The purpose of shaking one sample with soil was to absorb some of 
the injurious fractions of the oil, but no significant result was obtained. 
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The data ^ven in Table 2 and in the tabulations on p. 785 are from 
three tests with barley seedlings made at different seasons of the year 
and they are not therefore comparable. It is obvious that conditions 
of growth in tests made at different seasons will vary and that com- 
parisons should be made only between samples that are grown side by 
side and at the same time. 

SUMMARY 

A kboratory method for determining the relative injury to barley 
seedlings caused by different oils and by oils treatea by different 

E rocesses, has been developed. The relation of the injury produced 
y these oils on barley seedlings in the laboratory to that produced 
on apple leaves in field experiments has been indicated. 

Analyses of different spray oils have been made and the effect of 
the oils on barley seedlings is shown. 

Although no single analysis of spray oils has been found to be 
directly correlated with injury, the relation of certain properties of the 
oils to injury is shown. Sulphonatable portion, sulphur, bromine 
absorption, acidity, ability to emulsify, and color all increase with 
increasing injury. 
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BULK AS A FACTOR IN FORMULATING GRAIN 
MIXTURES FOR DAIRY CATTLE’ 


By L. A. MooiiE, Research Assistant in Dairying^ C. F. Huffman, Research 

Associate in Dairyingt and M. M. Plum, Graduate Student, Michigan, Agricul^ 

tural Experiment Station 

INTRODUCTION 

For man^ years treatises on the feeding of dairy cattle have stated 
that hulk IS a factor that must be considered in making up a grain 
mixture for dairy cattle. A typical recoirimendation * reads as 
follows: 

Heavy feeds, such as cottonseed inea], ground corn, and feeds of that nature, 
if fed without being mixed with some bulkier feed tend to form a doughlike mass 
in the stomach when they become moistened and are not easily penetrated by 
the digestive juices. If, however, the grain ration contains a liberal portion of 
some bulky feed, as bran or feeds of that nature, it will remain porous when 
becoming moist in the stomach and will be easily digested. It is very important 
then that if a cow is being fed a laige grain ration, that a liberal portion be of a 
bulky nature. 

Bran is probably one of the most common feeds used to give bulk to the grain 
ration. In addition it is a feed of high-protein content. Ground corn and cob 
meal is also often used in the dairy ration. The ground cob, while verv low in 
feed value, has the distinctive value of giving the grain ration bulk. The fiber 
portions of ground grain sorghum heads are found to perform much the same 
purpose ill that they add bulk. 

This recommendation that the grain mixture should be bulky is not 
the result of experimental investijgation. It is the result rather of the 
line of reasoning that if the grain mixture remains lumped together 
in the digestive tract, the digestive juices can not act upon it. How- 
ever, account has not been taken of the fact that the rumen of the 
bovine is in a state of constant activity, and as a result the lumps or 
*^boli^^ may be very effectively broken up and their contents mixed 
with the roughage part of the ration consumed by the animal. It is 
also possible that some of the boli are regurgitated and broken up by 
mastication. 

Armsby ® states : 

The rumen is so large that it always contains a considerable amount of material 
and the new feed when swallowed is more or less completely mixed with that 
already in the i-uinen by the peristaltic action of the latter, thus tending to pro- 
long its stay. The liquid or comminuted portions probably pass on directly to 
the omasum, or manifolds, and the abomasum, but the bulk of the feed undergoes 
the process of rumination. 

Colin by means of a rumen fistula, observed the activity of the 
rumen and its ability to macerate and mix the newdy arrived contents 
of the rumen and reticulum. He also expressed the opinion that 
finely pulped material may in part pass directly to the four reservoirs, 
or that that which does not pass immediately into the last two is soon 
washed there. 


> Received for pubUcation Sept. 26, 1031; issued 
Michigan Agricultural Experiment Station. 


June, 109 ^ Journal Article No. 02 (new series) of the 

'» Anderson, E/^ pbbwng DjiJBT"ca^s. N. Mex. Agr. Col. Ext. Circ. 94, p. 8, illus. 1027. 

* ARMSBY. H. P. THE NUTRITION OF FARM ANIMALS, p. 82. New York. 1017. 

i OOUN, G. TRAITfi DR FHYSIOLOGIE COMFAR&S DBS ANIMAUX, C0NS1DBB£BS DANS 8BS RAPPORTS AVEC 
LK8 SCIBNCBS NATURBLLES, LA MfiOliClMS, LA ZOOTSCBNIB XT L’fiCONOMIS KURALB. Ed. 3, eul., t. 1, p. 691- 
600. Paris. 1886. 


Journal of Agricultural Research, 

Washington, D. 0. 

( 789 ) 


Vol. 44, No. 10 
May 16, 1932 
Key No. Mich.-16 




700 Journal oj Agricultural Research Voi. 44, No. 10 


Schalk and Amadon/ using the same method as Colin, reached a 
similar conclusion. 

Nevens ® fed ground corn, dyed with Congo red 4 B, to cows which 
were killed shortly after feedmg. In every instance practically all 
the com was found in the rumen and reticulum mixed with the other 
contents. Very little of the groimd corn was localized, and in only 
one case was it found farther than the rumen and reticulum. He 
states: ‘‘The mixing had been done almost as thoroughly as could 
be done by hand or by means of a mechanical mixer.’' The findings 
of Nevens were therefore somewhat contrary to those of Colin 
Schalk and Amadou, ® and to the belief of Armsby ® in that Nevens 
found practically all of the ground material in the rumen and reti ulurn 
mixed with the other contents. 

Before the investigation reported in this paper was begun, the re- 
sults of an experiment carried on by the dairy section of the Michigan 
experiment station had shown that dairy cows receiving 1 4 pounds of 
linseed meal per day for several months, without the addition of 
bulky material, remained healthy and showed no tendency to go off 
feed. The quantity of linseed meal and corn consumed are given in 
Table 1. The results of this experiment suggested that it may not be 
necessary to consider bulk in makhig up a grain mixture for dairy 
cattle. 


Table I,— Results of heavy consumption {pounds) of linseed meal and ground corn 
by cows during a long feeding experiment 


Animal 

No, 

Lactation 

period 

Average dally consump- 
tion from two to six 
months, inclusive, after 
calving • 

Average daily consump- 
tion from calving to 
calving 

Appetite 

Lin- 

seed 

meal 

• 

Corn 

Total 

Lin- 

seed 

meal 

Corn 

Total 

f 

Flrat 

8.7 

1.0 

0.7 

7.1 

0.0 

7.7 

Uood. 

a-2| 

Second 

10.6 

5.1 

15.7 

8.7 

4.3 

13.0 

Do. 

t| 

Third- 

11.8 

7.7 

10.5 




Do. 

1 

First 

11.0 

4.0 

15.0 

8.0 

2.7 

11.6 

Do. 

G-4{! 

Second 

14.3 

7.3 

21.6 

10.5 

4.8 

15.3 

Do. 

1 

Third 

13.0 

10.5 

24.4 

11.1 

0.4 

20.5 

OIT feed July 2-12, 1031. » 

o-ej 

First 

0.3 

2.3 

11.6 

7.0 

1.2 

0.1 

Good. 

Second 

11.1 

5.1 

16.2 

8.0 

3.2 

11.2 

Do. 

Third 

11.7 

8.2 

10.0 

0.0 

0.8 

15.8 

Do. 

G-8 

First 

0.7 

2.8 

12. 5 

8.7 

2.0 

10.7 

Do. 

1 

First 

0.0 

2.6 

11.6 

5.7 

1.4 

7.1 

Do. 

G-KM 

Second 

12.2 

6.4 

18.6 

0.0 

5.0 

14.0 

Do. 

1 

Third 

11.5 

8.8 

10.8 




Do. 

rU.19/ 

Flret 

10.2 

4.1 

14.3 

8.2 

2.8 

11.0 

Do. 


Second.... 

8.5 

5.4 

14.0 1 




Off feed for about 50 days. 

0-14 

First 

11.0 

3.5 

14.6 

0.4 

3.0 

12.4 

Good. 

G-16 

Firet 

10.6 

6.0 

16.6 



i 

Off feed July 2-4, 1031. 








1 


• The average daily linseed-meal and ground’Oani conaumption from two to six months, Inclusive, was 
taken because these animals were not pla^ on full feed for several weeks after calving, consequently food 
consumption for the first month was not as high as for the succeeding Qve months. 

» Calved, June 20, 1031. 

• ScHAUc, A. F., and amadon, R. S. rarsiOLOoy or thk buminant stomach (bovimb). studt or 
TBS DYNAMIC rACTOBs. N. Dak. AgT. Expt. Sta. Bui. 216: 48-40. 1028. 

. t NIVSNB, W. B. BfVBCTS or FABTINO AMO THB METHOD OF PBBPABATION OF FEED UPON THE DlOES- 
tiVE rBOCESS IN OAIBT CATTLE. JouT. AgT. Research 86: 786-788. 1028. 
pf 'OOUN, G. Op. cit. 

Bcbalk, a. F., and Amadon, B. S. Op. cit. 

• AtuiSBT, H. P. Op. du 
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The purpose of the present investigation was (1) to determine the 
ability of the rumen to break up and dissolve such lumps or boli as are 
formed during deglutition of a grain mixture, and (2) to find whether 
ground grains pass more or less quickly to the omasum and abomasum 
or whether they remain in the rumen and are mixed with its contents. 

EXPERIMENTAL PROCEDURE 

In this investigation 32 animals were used, one of which had a 
rumen fistula. The animals were given their regular feed of grain, 
silage, and hay about 6 a. m. About noon they were fed 5 pounds of a 
certain concentrate a certain number of hours before they were to be 
slaughtered, the purpose being to see how many boli could be recovered 
after certain feeds were given. Some of the animals were fed the 
concentrates before they were trucked to a slaughtering house, a 
distance of about 3 miles, and some were fed afterwards. Some were 
slaughtered locally and had to be led only about 100 yards. No 
animals were used that did not clean up the feed offered them within 
15 minutes after it was fed. After an animal was slaughtered, the 
contents of the rumen were carefully sorted over by hand for lumps or 
boli present. 

Linseed meal was used in a large number of these trials, since it is 
one of the most cohesive of cattle feeds when it becomes moistened. 
Five animals were fed 5 pounds of ground oats each and slaughtered 
one hour later. Five were fed 5 pounds of ground corn each and 
slaughtered one hour later. Three were fed a mixture of 2}^ pounds 
of linseed meal and 2 % pounds of ground oats each and slaughtered 
one hour later. Three were fed 2^ pounds of linseed meal and 2 }^ 
pounds of ground corn each and slaughtered one hour later. Three 
were fed 5 pounds of linseed meal and slaughtered one hour later. 
Four were fed 5 pounds of linseed meal each and slaughtered three 
hours later, and five were fed 5 pounds of linseed meal each and 
slaughtered eight hours later. 

The animal with a rumen fistula was used after the method of 
Schalk and Amadon.^® In five trials she was fed 5 pounds of linseed 
meal one hour before the rumen was emptied through the ruinen 
fistula, in five trials she was fed three hours before it was emptied, 
and in five trials she w^as fed eight hours before it was emptied. 
The rumen contents were replaced after they had been sorted over for 
boli, and the procedure was not repeated for at least 72 hours, A 
plug with a leather flange was kept in the opening of the fistula. This 
animal was in good condition after the experiments were finished, as 
shown in Figure 1. 

In order to obtain information as to the course of the ground fo()ds 
in the rumen and reticulum, three animals were given foods dyed with 
Sudan III and slaughtered as soon as possible after they had finished 
eating. Animal M236 was fed 5 pounds of a dyed grain mixture 
containing 3 parts ground com, 1 part oats, and 2 parts linseed meal. 
This animal was slaughtered 15 minutes after she was given the feed. 
Animal M234 was 1605 pounds of the same grain mixture that was fed 
M236, and slaughtered 20 minutes later. Animal 47 was fed 5 
pounds of dyed ground corn and slaughtered 25 minutes later. The 
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feed of the five animals that received 5 pounds of ground oats and the 
five that received 5 pounds of ground corn and were slaughtered one 
hour after feeding, was dyed with Sudan III. 

RESULTS 

No boli were recovered from the rumen of the five animals that were 
fed t5 pounds of ground oats and slaughtered one hour later. The 
dyed oats were found fairly well distributed throughout the contents 
of the rumen. Likewise, no boli were found in the five animals that 
received 5 pounds of ground corn and were slaughtered one hour later; 
yet corn is generally considered a heavy feed. 



Fku’RB 1 .—Cow No. 238 with rumen fistula after the 15 trials reported in this investigation were 
finished. The plug has been removed in order to show ine oiiening of the fistula. 


The weights of the boli recovered from the various other ground 
feeds are shown in Tables 2 and 3. 

When pounds of linseed meal was fed with 2% pounds of ground 
oats and ground corn, respectively, the ground oats had the effect of 
separating the feed material, as is shown oy the fact that much less of 
the mixture of ground oats and linseed meal was recovered than of 
ground com and linseed meal. (Table 2.) However, a mixture of 
equal parts of ground com and linseed meal would be about the heav- 
iest and stickiest mixture that a farmer would ever use. In the three 
trials with this mixture only from 0.44 to 8.76 per cent of the concen- 
trates was recovered in the form of boli when the animals were slaugh- 
tered one hour after feeding. 
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Table 2. — Boli recovered from three animate slaughtered one hour after being fed 
2% pounds of linseed meed and 2% pounds of ground oaiSj and from three others 
slaughtered one hour after being fed 2}i pounds of linseed meal and 2)i pounds of 
ground corn 


ANIMALS FED LINSEED MEAL AND 
GROUND OATS 

Animal No.* 

Quantity of feeding re- 
covered as boli 

! j 

1 204 1 

C35, 1 

171.. 1 

Ornm» 

3 

3 

6 

Per cent 
0.13 
.13 
.26 

ANIMALS FED LINSEED MEAL AND 1 

a ROUND 

COHN 


262 

10 

0.41 

12P 

m. 5 

H. 75 

191.- 

56.7 

2. .00 


• All animals trucked to place of slaughter. 


Table 3 . — Boli recovered from animals slaughtered i, .5, and 8 hours after being fed 
5 pounds of linseed meal 


ANIMALS SLAUGHT 
AFTER FI 

Animal No. 

BRED ONE HOUR 
CEDING 

Quantity of feed recov- 
ered ns boli 


fJramn 

Per cent 

26 

113.4 

.5.00 

223* 

453. 6 

20.00 

256 

510.3 

22. rA) 

1 ANIMALS SLAUGHTERED THREE HOURS 1 

1 AFTER FEEDING 


2,03 ' 

113.4 

5.00 

217 « 1 

313.0 

13.80 

189 • ; 

83.0 

.3.66 

233 * ' 

300.0 

13.23 

ANIMALS SLAUGHTERED EIGHT HOURS i 

AFTER FEEDING 


231 • 

i.n 

0.04 

M259 • - 

28.4 

1. 25 

153 • — 

17.0 

.75 

184 • 

12.0 

.53 

M2fl6 • 

5.0 

.22 


• Trucked to place of slaughter. 


When 5 pounds of linseed meal was fed and the animals were 
slaughtered 1 hour, 3 hours, and 8 hours after feeding (Table 3), it 
was found that the nimen had considerable ability to break down 
and dissolve the boli. (Figs. 2 and 3.) When 5 pounds of linseed 
meal was fed and the animals were slaughtered one hour later the 
largest amount recovered was 22.5 per cent, but when the animals 
were slaughtered eight hours after feeding the largest amount re- 
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covered was 1,25 per cent. Very similar results were obtained with 
the animal having the rumen fistula. (Table 4.) 



Figure 2.— Boll recovered from animal 230, fed 3 pounds of linseed meal and slaughtered one hour 

after feeing 



Figure 3.~'The approTimate decrease of the boll of linseed meal in 
three (B) and eicmt <C) hours after feeding as compared to one hour 
(A.) after feeding 


By combining the results of the experiments in which linseed meal 
wes and the animals slaughtered one hour later (Table 3) with the 
results of the expenments m which linseed meal was fea and the 
rumen emptied one hour later (Table 4), it will be found that the 
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average percentage of linseed meal recovered in the eight tests 
was 16.4. In the 9 tests in which the boli were recovered three hours 
later it was 8.2 per cent, and in the 10 tests in which boli were re- 
covered eight hours later it was 0.6 per cent. 

In the three trials in which the animals were slaughtered 15, 20, 
and 25 minutes after the dyed feed was offered, no feed was found in 
the omasum or abomasum. In the case of M234 and 47, which were 
slaughtered 20 and 25 minutes after being fed, the feed was fairly 
well mixed with the rumen contents. 


Table 4 . — Boli recovered from animal No. ^38, with rinnen fist ula, in 15 trials after 
feeding 5 pounds of linseed meal and having the rumen emptied 1, 3, and 8 hours 
after feeding 


Trial No. 

1 

1 hour after feeding | 

Trial No. 

3 hours nfter 
feeding 

II 

i! Trlnl No. 

8 hours ^fter feed- 
ing 

1. 

Oramn 

611.0 

Per cent 
26.04 

fl . 

1 

Grama 

21.0 

Per cent 
0.U3 

n 

Oram* 

17.0 

0.0 

6.0 

Per cent 

0. 7.5 
.40 
.26 

2 .. 

323. 0 

14.24 


160.0 

7. 0f» 

12 

3 

12ri. 0 

r.. f»i 


312.0 

13.7.*) 

i:l__ 

4 

.‘)62. 0 

24.78 


121. 5 
2.'j2.0 

.5.36 

11.11 

14 

1.5 . . 

18.0 

21.*2 

.70 

! .04 

ri 

278. 0 

12. 36 

10 


In the tests in which five animals received 5 pounds of ground dved 
oats and five received 5 pounds of ground dyed corn one hour before 
slaughter, there were two instances in which the dyed food was found 
in all four compartments. In one case the ground oats were found 
as far as the abomasum and in three cases as far as the omasum. 
However, the amounts found in both omasum and abomasum were 
insignificant, 

DISCUSSION OF RESULTS 

In analyzing the results obtained in this investigation it should be 
kept in mind that it is more than likely that the strength of contrac- 
tion of the walla of the rumen varies somewhat in different animals, so 
that the material fed would be acted on more severely in some than 
in others. Moreover, the strength of contraction in the same animal 
may vary from time to time, as is shown by the varying results ob- 
tained from the animal with the rumen fistula. The hunger of the 
animals at the time of feeding would also influence the rate at which 
they would consume their food, and this in turn would affect the 
number and size of boli fonned by deglutition. It should also be 
noted that there was as much variation in the weight of boli recovered 
from the animal with the rumen fistula as there was from the slaiigh- 
tered animals. This would seem to eliminate any factor introduced 
by trucking the animals to the place of slaughter. In these studies no 
boli were noticed in either the omasum or the abomasum. 

From the results of this investigation it would seem that the rumen 
has the ability to break up and dissolve boli even of the most cohesive 
feeds. The animals used in the tests mixed the feeds fed them with 
the roughage material of the rumen. Bulk therefore a})pears to be 
unnecessary in the grain mixture except possibly in the case of high- 
producing test cows that are being ve^ heavily fed. 

The results of this investigation indicate that the ground feeds all 
go to the rumen and reticulum and are mixed with the contents of 
these compartments. Once mixed with the rumen contents, they 
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await their turn at being exposed and washed to the omasum and 
abomasum. These observations concerning the course of ground 
feeds are in harmony with those obtained by Nevens “ but not with 
those of Colin and Schalk and Amadon The results of Colin and 
of Schalk and Amadon were obtained with animals having rumen 
fistulas, whereas those of Nevens and those of the present writers 
were obtained with slaughtered animals. Studies upon the course of 
feed similar to those of Colin, and of Schalk and Amadon were not 
made, since by their method it is necessary to remove a portion of 
the rumen contents, which might produce abnormal effects on the 
course of feeds. 

Feeders often note that when heavy rations are fed, the animals 
show a greater tendency to go off feed than when light rations are fed. 
However, the results of the experiments herein reported seem to show 
that the reason for the cows going off feed may not be a lack of bulk 
in the grain mixture. 

In order to obtain bulk in light grain mixtures farmers frequently 
purchase bran, although it is generiuly possible to obtain the quantity 
of protein found in bran in cheaper form in other high-protein coii- 
centrates. Such feeds as beet pulp, ground oat hulls, and ground 
alfalfa are sometimes added to reaay-mixed feeds for the purpose of 
supplying bulk, and these cheap materials are thereby sold at grain 
pnces. 

In the light of the experiments herein reported it does not appear to 
be good practice for farmers who are feeding for economical itnlk 
production to purchase bran or any other feed to add bulk to the 
grain mixture when the protein of such feeds is more expensive than 
that in other protein concentrates. The placing of oat hulls, beet 
pulp, and ground alfalfa in commercial feeds for the purpose of adding 
bulk can not be justified. These feeds are primarily roughages and 
when they are placed in the grain ration they compete with the 
roughages produced on the farm. 

SUMMARY 

All the grains consiimed appeared to pass directly to the rumen and 
reticulum, where they were mixed with the contents of the rumen. 

When 5 pounds of linseed meal was fed and the animals were 
slaughtered one hour afterwards, from 5.0 to 22.5 per cent of the feed 
waa recovered in the form of boli. However, when 5 pounds of 
linseed meal was fed and the animals were slightered eight hours 
afterwards only from 0.04 to 1,25 per cent of the feed was recovered 
in the form of boli. 

The results obtained on an animal with a rumen fistula checked very 
closely with those obtained on the slaughtered animals. 

Since boli are broken up and mixed with the roughage in the rumen 
and reticulum, it appears unnecessaiv to consider bulk in the make-up 
of a grain mixture for dairy cattle fed for economic milk production. 


»NKVENa. W. B. Op. oit. 

« OouN, O. Op. cit. 

11 ScHALR, A. F., and An adok, K. S. Op. oit. 
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CYTOLOGIC AND GENETIC STUDIES OF VARIABILITY OF 
STRAINS OF WHEAT DERIVED FROM INTERSPECIFIC 
CROSSES* 

By LeRoy Powers 2 

Assistant Professor of Plant Geneiics^ Minnesota Agricultural Experiment Siatu.n 

INTRODUCTION 

The possibilities of combining the desirable characters of the 
vidgare and emmer groups of wheat in a single variety have received 
considerable attention from plant breeders. Special emphasis has 
been given to the breeding of a wheat that would cornhine the resist- 
ance to black stem rust {Puccinm graminiH tritici Erikss, and Henn.) 
of the emmer group with the milling and baking cpialities and other 
desirable characters of the tmlgare group. At the Minnesota Agri- 
cultural Experiment Station a cross of Marquis with a highly rust- 
resistant variety of durum called lumillo was made in 1914, from 
which Marquillo was produced. This variety possessed 42 chro- 
mosomes, high-yielding ability, resistance to stem rust, and stiff 
straw. When subjected to milling and baking tests, Mar([uillo wheat 
appeared to yield a flour which could be converted into bread that 
was satisfactory in every particular except perhaps in the matter of 
color, 

Marquillo was a distinct step in advance, but there was still room 
for improvement. Accordingly, homozygous rust-resistant lines from 
the cross of Marquis X lumillo were crossed with Kanred X Marquis 
selections, which excelled in agronomic characters. Minnesota 2303 
is a selection from this cross which gives considerable promise, being 
rust resistant, possessing desirable agronomic characters, and appar- 
ently milling and baking qualities equal to those of Marquis. 

The investigators at the University of Minnesota realized that 
Marquillo exhibited somewhat greater variability in agronomic 
characters than such varieties as Marquis. Cytological research 
was started in an endeavor to determine the germinal stability of 
this variety. As the work progressed it seemed desirable to add 
Marquis to the studies for purposes of compaiison and Minnesota 
2303 was included in a part of the studv because it has considerable 
promise of becoming a highly desirable economic variety. The 
results are reported in this paper. 


1 Received for publication Aug. 10, 1931: issued June, 1932. Presented to the faculty of ihe Oradiiate 
School of the University of Minnesota in partial fulflllment of the re(piirpnients for the degree of doctor of 
philosophy. Paper No. 1040 of the Journal Series, Minnesota Agricultural Extieriment Station. 

* The writer wishes to express his sincere appreciation to Dr. U. K. Hayes for kindls; suggestions and criti- 
cisms during the course of the exjieriment end preparation of the manuscript. Also, acknowledgments 
and thanks are due Dr. F. J. Stevenson for aid and valuable suggestions during the earlier part of the inves- 
tigations. Thanks are due Dr. Hannah C. Aase for helpful suggestions and criticism of the manuscript. 
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REVIEW OF LITERATURE 

Tho literature on the cytology of Tritieum, especially as it pertains 
to phylogcny, has been reviewed by Aase (I).® Watkins {18) gives 
a critical account of the present knowledge of the origin and genetic 
relationship of the wheat specues, and their cytolo^cjal and genetic 
behavior when crossed. For a more extensive review of literature 
than is given here tho reader is referred to their articles. In this 
paper only that part of the literature is considered which has a direct 
bearing on the problem under discussion. 

Huskins (10) states that his colleague, J. Philp, has found chromo- 
some irregularities in the Fi plants resulting from crosses of hexaploid 
oats. Huskins (10) also found irregular chromosome behavior in 
a cross between Tritieum vulgar e and T. spelta made by Nilsson- 
Leissner. Huskins states that Nilsson-Leissner found this cross to 
segregate commonly for type of glume in a 3:1 ratio; but sometimes 
in almost the reverse proportions, and a number of abnormal types 
api>carcd. 

Sapehin (f^), working with pure lines of wheat and Fj crosses be- 
tween 42-chromosome wheats, distinguished two types of anomalies 
which occur during meiosis. The first of these types is characterized 
by the occurence of univalents; the second tyi)c by a disorderly 
arrangement of the chromosomes which readily vacuolize. Sapehin 
states that by cytologic al investigation he has proved that spore 
formation does not proceed normally in all pure lines, but that there 
occur anomalies of the first type in numbers from a fraction of 1 per 
cent of the cells to several per cent. He makes the following state- 
ment {15f p, 164): 

Of 8pocial interest in this regard is tlic best yielder among the author’s pure 
lines of soft spring wheal, Tr. milturnm OOlSO, showing every year up to 20 30%, 
and sometimes even, up to 50-60%, of spore mother cells of anomalies of the 
secotid type. * ♦ ♦ as the author's investigations have shown, spore forina- 

tit)n in Fi 00180 X other 42-chromo8ome wheats displays on the w'hole normal 
pictures, no matter whether 00180 has been the mother or the father plant. 

Sapcliin found that many anomalies were produced in crosses of 
Ukrainian lines with '^related or * ‘ identical varieties from Afghan- 
istan and easteiTi Siberia. 

On the basis of ratios in which the heterozygous speltoids segregate, 
Nilsson-Elile (tS) divided speltoids into three types. A, B, and C. 
In type A the ratio approximates 1:2:1 (564 normal segregates: 757 
heterozygous speltoids: 165 homozygous speltoids), but the homozy- 
gous speltoids were deficient. Ho found that heterozygotes of type B 
gave very few homozygous speltoids, and the hetorozygotes were 
more numerous than would be expected on a 1:2:1 basis. A total 
ratio of 317 normal segregates: 1,300 heterozygous speltoids: 13 
hoinozygous speltoids was obtained. His heterozygotes of type C 
again gave veiy few homozygous speltoids but gave more normals 
than heterozygotos, a total of 491 normal segregates: 456 heterozygous 
speltoids: 8 homozygous speltoids. However, this difference between 
the normals and heterozygotes is not great. Nillson-Ehlo found that 
in most cases the three types A, B, and C are easily distinguished by 
their different ratios; but occasionally a ratio may leave the matter 
doubtful, for example, 120:188:1. 

» Beference Is made by number (italic) to Literature Cited, p. 831. 
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Huskins (*9) found that in speltoids of type A furnished him by 
Akerman the gametes all had 21 chromosomes. No deviation from 
the normal arrangement of 21 bivalents was found in the normal 
plants. The heterozygous spcltoid plant showed a trivalent and a 
univalent in many of its pollen mother cells, though naturally it was 
not always possible to prove the existence of both in the same cell. 
The homozygous speUoid plant showed a quadrivalent in many of its 
pollen mother cells and a trivahmt was seen in two of them. 

^ Huskins (9) examined speltoids of the B type furnished by Nilsson- 
Ehle. The normal plants have the normal chromosome number and 
normal divisions. Each of the heterozygotes has only 41 chromo- 
somes. In almost every case these formed 20 bivalents and 1 uni- 
valent. According to Huskins, Akerman has described a strain tliat 
differs from the ordinary B type strains in having produced some 
moderately vigorous and f(*rtilc homozygous speltoid progen^'^ instead 
of only sterile dwarf ones. Huskins (9)y from 30 seeds of a descendant 
homozygous speltoid plant sown in November, 1926, obtained 10 
homozygous speltoid progeny. One of these was examined cyto- 
logicaliy and found to have only 41 clirornosomes. The behavior of 
this one was different, however, from that found in the 41 -chromosome 
heterozygote of preceding strains. The odd chromosome was seen 
dividing on the plate during the anaphase in only about 75 per cent of 
the cells examined. A trivalent instead of a univalemt was seen in a 
very large number of cells. These trivalents were of various shapes. 
.In no case was a trivalent found to be ac<*ompanied by one unival(‘nt 
in this plant. Si)lit univalents going at random to either pole were 
seen in many second divisions. 

Huskins (9) found the heterozygous speltoid plants of type C to 
have 43 chromosomes, the homozygous speltoids were all rather weak, 
more or less sterile, and had 44 chromosomes. At tlie first metaphase 
of the heterozygous speltoids the chromosomes were believed to be 
arranged usually as 20 pairs and 1 trivalent. The method of pairing 
of the trivalent was usually end to end. All the 44 chromosome C 
types were very irregular cytologically. 

Huskins (9), in studying the speltoids, noted further abnormalities. 
In one (*ase the loss of approximately half a chromosome was noted 
and in another two of the members of a trivalent showed distinct 
sub terminal constrictions. One of Huskins^ illustrations of the 
metaphase of the first division shows a pair off the equatorial plate. 

Huskins (8) reports the occasional occurrence of laggard and vaga- 
bond chromosomes in varieties of Arena saliva. He also reports that 
all the type 1 fatuoids had 42 chromosomes. In the normal segregates 
cytological conditions were found to be more irregular than in normal 
pure-line varieties of A . saliva. The presence of laggard and vagabond 
chromosomes was noted more frequently, and fewer cells showed 
perfectly regular splitting of the bivalents in the first anaphase. 

MATERIALS AND METHODS 

In 1929 seed of Marqmllo was space planted in 5-foot rows so as to 
make possible individual plant studies. Two spikes on each of the 
resulting plants were bagjged and both bagged and nonbagged spikes 
were harvested the following fall. Later the percentage of fruitfulness 
was determined on both the bagged and nonbagged heads. Cytologic 
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material was taken from plants selected at random and the entire 
florets of spikelets were killed and fixed in Alienas modification of 
Bouin^s solution. All cytologic studies were made from permanent 
paraflfin sections stained by using Newton ^s iodine-gentian- violet 
method as described by Huskins (5). 

Sections were cut 15 m thick and lengthwise of the spikelet, with the 
exception of a very little of the earlier prepared material, which was 
cut transversely. This method of handling the material provided a 
side view of a majority of the achromatic figures of the microsporo- 
cyte, greatly facilitated the studies, and enhanced the ease with which 
they could be made, as a greater number of microsporocyte^ or micro- 
spores could be studied in one section. Sufficient end views of achro- 
matic figures were obtained for purposes of comparison and the making 
of chromosome counts. The use of entire spikelets was also par- 
ticularly advantageous as sections were frequently found which 
showed a number of the stages of sporogenesis. For example, a 
single section has been found showing the prophase of the first divi- 
sion, diakinesis, metaphase of first division, diads, and nearly 
mature microspores. 

All counts of chromosomes were made from a side or end view of 
the metapliase or early anaphase of the first meiotic division of 
microsporogenesis. The number of chromosomes was determined by 
making counts from those cells having the chromosomes distinctly 
separated, and, therefore, easily distinguishable. (PI. 4, A, D, and F.) 
In most plants it was possible to get good counts from both side and 
end views of the mataphase as well as the anaphase. Determination 
of chromosome number from side views was made by the aid of 
camera-lucida drawings. (PI. 4, C and E.) 

The studies of the occurrence of micronuclei were made on im- 
mature microsporps still grouped together in tetrads in practically 
all cases, but in a few of the plants the microspores had broken apart 
and no longer exhibited this arrangement. However, in these latter 
plants the nucleus stained well and the microppores did not present 
the wrinkled condition characteristic of mature pollen grains. Micro- 
spores through which the knife had passed were not mcluded in the 
counts, and only micronuclei well embedded in the cytoplasm were 
counted. 

Of the material grown in 1929, 30 plants were studied both cytolo- 
gically and genetically. The progeny of three of these plants were 
selected for further cytologic and genetic studies the next year, for 
the following reasons. Plant 407-12-3 had only 41 chromosomes, 
plant 407-17-13 had the normal number of chromosomes but showed 
considerable irregularity in chromosome behavior during microsporo- 
genesis, and plant 407-12-24 possessed 42 chromosomes and was 
found to have considerable regularity of chromosome behavior during 
microsporogenesis. Marquis was mcluded in these studies for pur- 
poses of comparison. All seeds were sprouted in terminators, trans- 
planted into pots in the greenhouse, and later the resulting plants 
were transplanted into the field, being placed in 5-root rows, 1 foot 
apart and the plants spaced 6 inches within the row. Correlated 
data were kept on cytologic phenomena, germination, vigor of plants, 
survival, number of spikes per plant, height of individual plants, 
fruitfulness, weight of seed per plant, and certain qualitative charac- 
ters. The material from which cytologic studies on Minnesota 2303 
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were made, was obtained from plants spaced 3 indies apart in 5-foot 
rows. 

The progeny of 23 of the 30 plants studied cytologically were 
grown in 1930 for the purpose of correlating morphological and size 
variations under fiedd conditions with previously determined cytologic 
irregularities and also for the purpose of determining the amount of 
natural crossing. Only seed from spikes that liad been bagged the 
previous year was used in planting. The plantings were made in 
5-foot rows 4 inches apart and the seed was spaced 4 iiudies within 
the row. First, two rows of Ceres were sown, then two days later 
a row of Marj^uillo, and two more rows of Ceres. This method of 
planting provided for two rows of Ceres on one side of Marquillo 
planted two days earlier and two rows on the other side planted on 
the same date as Marquillo, During the summer two heads of each 
plant of Marquillo were covered before pollination had occurred and 
the remaining spikes were left uncovered. Notes were taken on 
emergence, survival, number of spikes per plant, height of individual 
plants, fruitfulness, weight of seed per plant, and certain qualitative 
characters. 

Only the outside florets of the noncovered seed were used iji deter- 
mining percentage of fruitfulness. Coefficients of variability were 
calculated for the per(‘entage of fruitfulness in outside florets of non- 
covered spikes, center florets of noncovered spikes, outside florets 
of covered spikes, and center florets of covered spikes. The coeffi- 
cients of variability were 16.5 ±1.30, 11 7.2 ±6.16, 22.3 ±1.78, and 
13 1 ,9 ± 12.96, respectively. These results show that the center florets 
in noncovered and covered spikes varied greatly in per(*entage of 
fruitfulness and that the outside florets of the bagged spikes varied 
more than nonbagged spikes. The average percentage of fruitfulness 
in the outer florets of the noncovered spikes was 85.1 ±0.92 as com- 
pared to 18.9 ±2.09 for center florets, 78.8 ± 1.33 for outer florets of 
covered spikes, and 12.9 ±2.10 for center florets of covered spikes. 
Because of these results only the outside florets of noncovered spikes 
were used as a measure of fruitfulness. 

In tests conducted in the greenhouse during the winter of 1929-30, 
progeny of eight plants of Marquillo in the seedling stage showed 
pronounced resistance to Pueeinia graminis tritici, physiologic form 
21. Ceres tested at the same time showed susceptibility. To 
determine the amount of natural crossing in these lines, seeds from 
bagged spikes of these plants were planted in the manner outlined 
above. During the summer two heads of each plant were bagged 
and those remaining were left uncovered. The following winter 
progeny from both covered and noncovered spikes were tested in the 
greenhouse for resistance to black stem rust, forni 21. Since sus- 
ceptibility is dominant in a cross between Marquillo and Ceres the 
plants resulting from cross fertilization were readily distinguishable. 

TERMINOLOGY 

Certain terms used in discussing the different chromosomal aber- 
rations found occurring during raicrosporogenesis may need some 
explanation. Nonorientation of bivalents has been applied to the 
occurrence of a bivalent or bivalents off the equatorial plane just 
prior to disjunction of the main group of bivalents during metaphase 
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of sporogenesis. (PI. 1 , C and D.) Nonconjunction is used to signify 
the occurrence of a univalent or univalent chromosomes during the 
metaphase of the reductional division, when presumably the homol- 
ogous mate or mates of this univalent or these univalent chromo- 
somes are present. (PI. 3, D.) Polyvalence has been employed to 
designate the union of three or more chromosomes during the meta- 
phase of the reductional division. (Pis. 2, A, and 3, F.) Predis- 
junction is used to denote the disjunction of a bivalent or bivalents 
in advance of the main group of conjugated chromosomes during 
metaphase of the reductional division. (PI. 3, E.) 

CYTOLOGIC STUDIES OF ABERRATIONS 

CHROMOSOME NUMBERS AND THE BEHAVIOR OF UNIVALENTS IN 41-CHROMOS()ME 

PLANTS 

The number of chromosomes was determined for 32 plants of 
Marquillo grown in 1929, and 27 plants of Mar(}uis grown in 1930. 
The plants of both Marquillo and Marquis were unselected, and may 
be considered as representative in so far as samples composed of such 
small numbers can be representative. All the plants of Manpiis and 
all but 2 of the 32 plants of Marquillo were found to have the normal 
somatic chromosome number of 42. The somatic chromosome num- 
ber of the other 2 plants of Marquillo, culture numbers 407-1 />-*l 7 
and 407-12-3, was 41. 

A study of the different stages of microsporogenesis of these 41- 
chromosome plants is of interest not only because it furnishes furth<»r 
evidence as to the authenticity of the counts, but also because it 
supplies information as to the behavior of the univalent chromosome 
during sporogenesis. This information is valuable in an analysis and 
an interpretation of the significance of the chromosomal aberrations 
which are discussed later. 

In plant 407-1 5-1 7 microsporocytes showing diflerent stages were 
available — diakinesis, metaphase, late anapliase of the second divi- 
sion, telophase of the second division, and young microspores not 
having undergone complete separation. (PJ. 5, A-F.) It was im- 
possible to identify the univalent chromosome in the diakinesis 
stage, as can be seen from an examination of Plate 5, A. All but 
three of the chromosomes in this figure showed their paired nature, 
and any of these three may well have been the univalent. The 
univalent chromosome was clearly distinguishable in 84 of the 101 
pollen mother colls examined during the metaphasc of the first divi- 
sion. Plate 5, B, shows 20 pairs lined up on the equatorial plane and 

1 single and a fragment not on the equatorial plane. Plate 4, F, is an 
end view of the metaphase of the same plant, showing 20 bivalents 
and 1 univalent chromosome. Diads of the first division and meta- 
phases of the second division were not available, but the sections 
showed some microsporocytes in the anaphase of the second division, 
and lagging chromosomes were present. (PI. 5, C.) Probably only 

2 of the 4 chromosomes not at the poles are due to the univalent 
chromosome of the metaphase. Plate 5, D-F, shows the behavioy 
of the lagring chromosomes during reconstruction of the nuclei after 
the second division. In the left half of Plate 5, E, is shown a chromo- 
some which has boon divided transversely, presumably because of the 
formation of the cell plate. This is beheved to be of very little sig- 
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nificance in relation to tlie fragmentation reported later, as it is 
extremely doubtful whether these parts of chromosomes would be 
passed on to the next generation. The behavior of the lagging 
(diromosonics during the mctaphasc of the first division, anaphase of 
the second division, and telophase of the second division strongly 
indicates that these small clumps of chromatin are the result of Jagging 
chromosomes which have formed micronuclei, and they will be con- 
sidered as such in the remaining part of this paper. Complementary 
micronuclei are of c-ommon occurrence in young microspores of inter- 
specific wlieat hybrids which are seniihaploid. (Kiliara (/ 1 ), Watkins 
a7), Aase (i).) 

Of 185 immature microspores examined, 30.3 per cent showed 
micronuclei, which, as will be shown later, is strong evidence that 
the microsjjorocytes had one univalent chromosome during sporo- 
genesis. Very infrequently cases were found in which a cell wall had 
been laid down between the macronucleus and the inicronucleiis, 
thus forming miniature microspores. 

Plant 407-12 -3 was the other one of thc! 32 examined that had 41 
somatic chromosomes, as determined by counts made from both the 
anaphase of the first division and side view of the metaphase.. Platt* 
4, C, shows drawings of 20 bivalents and 1 single made from the side 
view of the metaphase of the first division. The counts on chromo- 
some number are further substantiated by the fact that of the 63 
|)ollen mother cells studied in the metaphase stage 57, or 9().5 per 
cent, showed the single chromosome. Moreover, it was possible to 
find lagging chromosomes in the late telophase of the second division 
that gave indications of forming micronuclei. Of the 667 immature 
microspores observed in the tetrad stage, 172 possessed both a macro- 
nucleus and a micronucleus. This is 25.8 per cent of the number 
examined. Of this 25.8 per cent, the majority had only 1 niicro- 
nucleus, but infrequently 2, 3, or 4 were present, the latte*i‘ being the 
highest number found in 1 microsijore. More than 1 micronucleus in 
a single microspore is probably due to some* of the chromosomal aber- 
rations discussed later. 

The occurrence of plants within a variety having om*, less than the 
normal chromosome number raises the question as to their origin. It 
will be remembered that Marquillo is descended from a cross between 
Marquis (42 somatic chromosomes) and lumillo (28 somatic chromo- 
somes). Are the 41 -chromosome plants occurring in the fifteenth 
generation after the cross descendants of plants wliich have not 
attained the chromosome number normal to Trlticum ridgare or ai-e 
they descendants of 42-chromosome plants and owe their origin to 
irregular behavior of chromosomes during meiosis? The chromo- 
somal aberrations which are described below may be of some aid in 
answering this question. 

OCCURRENCE OP MICRONUCLBI IN 42-CHROMOSOME PLANTS 

Thirty plants of Marquillo and Minnesota 2303 and 27 plants of 
Marquis were studied for the occurrence of micronuclei. The data 
given in Table 1 show that 2.8 ±0.16 of the microspores of Marquillo 
showed this condition, and 0.8 ± 0.04 of those of Minnesota 2303, and 
0.8 ± 0.06 of those of Marquis. One f)lant of Marquillo had as high 
as 7.6 per cent of the microspores showing micronuclei and another as 
low as 1.1 per cent, whereas the range in Miimesota 2303 was from 0.3 
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per cent to 1.7 per cent and that of Marquis from 0 to 2.2 per cent. 
There was only one plant of Marquis which failed to show the occur- 
rence of micronuclei. As can be readily seen from an examination of 
the probale errors of the means, the difference noted between Marquis 
and Marquillo is statistically significant, and the means for Marquis 
and Minnesota 2303 are the same. In regard to the percentage occur- 
rence of micronuclei, Marquis had a coenicient of variability of 53.7, 
Marquillo 46.0, and Minnesota 2303, 38.7. The data for Marquillo 
were based upon an examination of 18,644 microspores, those for Mar- 
quis upon 15,844 microspores, and those for Minnesota 2303 upon 
20,944 raicrospores, making an average of somewhat over 500 micro- 
spores per plant. Only a few plants were included from which less 
than 500 microspores were studied; the lowest number was 382. 

Table 1. — Average percentage and coefficient of variability of rnicroapores showing 

micronuclei 


Variety or culture 


Marquillo 

Marquis 

Minuosota 2a(Kl 


Number 
of plants 

MicTospores 

Total 

M icroiiuolei 

A verage 

roefll- 
eient of 
vai ia- 
bJlity 

30 

1H,»44 

2. 8dr0. 10 

40. 0 

37 

15,844 

.H± .(Xi 

53. 7 

30 

20, 044 

.8± .04 

38. 7 


It should be noted that 30.3 per cent of the microspores showed 
micronuclei in plant 407-15-17 and that 25.8 per cent revealed this 
phenomenon in plant 407-1 2-3. Micronuclei were present in 2.8 per 
cent of the microspores of the other 30 plants of Marquillo and in 
0.8 per cent of the microspores of Minnesota 2303 and Marquis. 
Plate 1, H, is a photomicrograph of microspores of Marquillo showing 
micronuclei. It has been shown that the micronuclei in the 41- 
chromosomc plant probably are formed from the univalent chromo- 
some. The origin of the micronuclei in the 42-cbromosome plants 
remains to be determined. 

EXTRUSION OP KARYOTIN 

Plate 1 , A, is a photomicrograph of a very young microsporocyte of 
Marquillo culture, 407-15-17 (41 somatic chromosomes), in which 
karyotin is being extruded from the nucleus. Both the nucleus 
and extruded karyotin were deeply embedded in the cytoplasm and. 
therefore, could not have been touched by the microtome knife. At 
first it was thought that the extruded karyotin might be the nucleous, 
but as can be seen from the photomicrograph, which also shows the 
nucleolus being extruded into the nuclear cavity, the two differ 
materially in structure and staining reaction. Of the cells studied for 
this phenomenon, some in later stages showed a nucleolus in the 
nuclear cavity, but no cells were found in which the nucleolus was in 
the surrounding cytoplasm. The amounts of the karyotin varied 
from those as large as that shown in Plate 1 to those ai}proximately 
one-third of that size. Plant 407-15-17 showed extrusion of larger 
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Plate 1 



stages in the lueiotic divisions, microsiwrocyt^s; photomicrographs (X 1,600) 


A. — Extrusion of karyotin; early liptotene stage; Marquillo. 

B. — Regular e<iuatorial plane; metaphase of first division; Marquillo. 

C. — Nonorlentatiou of a bivalent; inetaphase of first division; Mariiuilio. 

D. —Nonoriontation of a bivalent; metaphase of first division; Mwquis. ^ , .. 

E. — Nonoonjunction or predisjunction and nonorientation; inetaphase of first division; Marquis. 

F. —Prediajunction and nonorientation; metaphase of first division; Marquis. i 

0. — Lagging chromosomes a, reductional division only; ft, reduction division and equational divi- 

sion; telophase of first division; Marquis. 

H.—Micronuclei; microspores arranged in tetraiis; Marquillo. i * , 

1. — Univalent on the equatorial plane; metaphase of first division; 41-c-hromosome plant of Mar- 

J. —Un?vak)nt off the equatorial plane; metaphase of first division; 41-chroniosome plant of Mar- 

K. — Trivalents; nietaphase of first division; 41-chromosome plant of Marquillo. 

L. — Trivalents; metaphase of first division; 41-chroraosome plant of Marquillo. 
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Stages: The meiotic divisions, tnicroscrosporocytes; photomicrographs (X 1,500) 

Polyvalence, probably hexavalents; metaphase of first division; 41«chroino8ome plant; Marquillo. 
n.— Polyvalence off the equatorial plane, nuinl)er of chromosomes involved is unknown; 41-chromo* 
some plant; Marqiiillo. 

C. — Trivalents showing end constriction; metaphase of first division; 42-chromosome plant; 

Marquillo. 

D. — Fragment above nucleolus; diakinesis of first dlvisiou; 41-chromosome plant; Marquillo. 

K. —Fragment; metaphase of first division; 42-chromosome plant; Marquis. 

F. -Fragmentation; anaphase of first division; 42-chromosome plant; Marquillo. 

0, — Fragmentation, saraa cell as F at different level; anaphase of first division; 42-chromosome 

plant; Marquillo. 

n. -Fragmentation, same plant as F and G; different cell; anaphase of first division; 42-chromo8ome 
plant; Marquillo. 

1. - -Fragment and single chromosome which. has undo'gone only reductional division: telophase of 

first division; Marquillo. 

Fragment and single chromosome which has undergone reductional and equational division; 
same cell as 1; Invert for comparison; telophase of first division; Marquillo. 

same plant as I and J, different cell; metaphase of second division; 

L. — Fragment, upper left microspore; tetrad; 42-chromosome plant; Marquis. 
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amounts of karyotin (pi. 1, A) in 12 of tlie 431 cells examined and of 
smaller amounts (pi. 3, A) of the same material in 28. This abnor- 
mality occurred in 2.8 and 6.5 per cent, respectively, of the 
inicrosporocytes. 

In order to determine wliether this phenomenon was due to the 
abnormal chromosome number of plant 407-15 17 the same studies 
were made with plant 407-12' 24 and a plant of Marquis. In plant 
407-12-24, 0.5 per cent of the 432 inicrosporocytes examined exliibited 
large extrusions and 1.9 per cent smaller extrusions. The plant of 
Marquis revealed 2 out of 540 microsporocytes showing extrusion of 
smaller karyotin clumps and one of the larger size. Extrusion of 
karyotin has been reported in the sporocytes of Crocus, Iris, Crepis, 
Oenothera, and other plants, according to Sharp {16). 

NONORIENTATION OF BIVALENTS 

Between the diakinesis (pi. 2, D, and 5, A) and metaphase (pi. 1, B) 
■stages there exists a transition peiiod in whhdi the nuclear cavity and 
nucleolus disappear and the chromosomes undergo transformation, 
losing tlie ragged and loose appearance shown in Plate 5, A‘, and 
becoming more delinite in outline and compact, as shown in Plate 5, B. 
Examination of pollen mother cells showing this transition period does 
not indicate that the movement of the bivalents to the equatorial 
plane is a strictly methodical procedure. Some of the chromosomes 
may be at the equatorial plane while others are clearly delined in the 
surrounding cytoplasm. It seems, then, that at least in some cells 
all chromosomes do not undergo this transformation with the same 
degree of rapidity, nor do all seem to arrive on the equatorial plane 
at the same time. If such a supposition is true, it is to be expected 
that in some cases bivalent chromosomes should be found off the 
equatorial plane when all the other chromosomes are lined up and 
ready to undergo disjunction. 

C and 1) of Plate 1 are photomicrograiihs of microspores of Mar- 
quillo culture 407-12-24 and Marquis culture 225-3 which exhibit 
this condition. As many as three bivalents in one cell have been 
found off the equatorial plane. This phenomenon has been termed 
nonorientation of bivalents. In these studies on nonorientation, 
only those cells showing bivalents not on the equatorial plane when 
the remaining chromosomes were definitely oriented and about to 
undergo disjunction have been considered as showing this phenom- 
enon. Plate 1, B, is a side view of a Marquillo pollen mother cell 
showing all chromosomes lined up regularly on the equatorial plane. 
The frequency of the occurrence of nonorientation is of interest. 
An average of 10.8 ±0.68 per cent of the 2,830 Marquillo micro- 
sporocytes studied showed nonorientation of bivalents and an average 
of 6.9 ± 0.49 per cent of the 3,327 Marquis microsporocytes revealed 
this aberration. The lowest percentage found in any plant of Mar- 
quillo was 3.8 and the highest was 28.6 per cent. The range in 
Marquis was from 1.8 to 21.4 per cent. 

The question as to the subscouent behavior of nonoriented bivalents 
is important in connection witli the point whether they result in the 
formation of micronuclei in the raicrospores. It seems possible that 
such bivalents might reach the equatorial plane late and undergo 
disjunction. If such were the behavior of these chromosomes, it 
would be expected that they could be found undergoing disjunction 
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during the anaphase of the first division in some of the inicrospor- 
ocytes. No well-differentiated cases of late disjunction of a bivalent 
were found. However, there were only a few microsporocytes in the 
proper stage for detecting this phenomenon, and as nonorientation 
occurred in only 10.8 per cent of the Marquillo microspores and in 
only 6.9 per cent of those of Marquis, bivalents undergoing late 
disjunction on the equatorial plane would not necessarily be found 
even though they were occurring. That a differentation in the time 
of disjunction does occur is shown by Plate 3, E. At the right of the 
achromatic figure of this pollen mother cell are shown two bivalents. 
The chromosomes of one pair have pulled apart and are well started 
toward their respective poles, while the members of the other pair 
are still closely conjugated. It does not seem that the condition 
noted in Plate 3, E, would give rise to lagging chromosomes and 
hence micronuclei. 

There also remains the possibility that these bivalents undergo 
disjunction even though they are not on the equatorial plane. B and 
C of Plate 3, are camera-1 ucida drawings offering evidence in support of 
this supposition. The two chromosomes in the u])per left hand corner 
of Plate 3, B, are believed to have been loosely ])aired homologous 
chromosomes which have separated early. This conclusion is based 
on the fact that the two chromosomes closely resemble ead\ other both 
in size and fonn and are in the same plane as regards their orientation 
on the achromatic figure. That this assumption is probably correct 
is further confirmed by the fact that the phenomena described are 
characteristics of early divided pairs whose members are on opposite 
sides of the main group of chromosomes as is shown in the same cell 
(pi. 3, B) and in a different luicrospore of the same plant (pi. 3, E). 
In contrast to these chromosomes are the nonconjugated chromosomes 
of Plate 3, D, which show no relationship to each other as regards 
their orientation in the achromatic figure. Plate 3, C, is also a cainera- 
lucida drawing showing tw^o chromosomes which it is believed are 
homologous mates that have disjoined off the ecpiatorial plane. Since 
the disjoining of these two chromosomes, the low^er has moved tow^ard 
the lower pole and attained a position on the edge of the main group. 
In this particiilar cell it seems logical to suppose that the two chromo- 
somes in question would reach their respective poles and be included 
in the reconstructed nuclei as they would have done had they lined 
up with the other bivalents. Other cells show^ this same x>henomenon 
with the chromosomes in various positions. If this assumption that 
the members of bivalents can separate off the equatorial plane is 
correct, pairs should be found startmg to show^ disjuntion. Plate 1 , F, 
which is a photomicrograph of a microsporocyte of Marq\iis, shows 
two chromosomes paired end to end which are apparently undergoing 
disjuntion. being connected by only a small thread of chromatin. 
Two widely separated chromosomes in the same plane and on the 
same side of the equatorial })lane are shown in Plate 1, E. This 
figure is also a photomicrograph of a microsporocyte of Marquis. 
The nonoriented bivalent of Plate 1, C, offers further evidence. This 
chromosome has undergone complete transformation in form, as can 
be seen from an examination of the photomicrograph. That its mem- 
bers are undergoing disjunction at the same time as the bivalents on 
the equatorial plane also seems probable as the free ends of the mem- 
bers are oriented toward opposite poles. The evidence supports the 
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Stages in the meiotic divisions, mlcrosiwrocytes; caniera-lucida drawings (X 2,000) 

A.— Extrusion of karyotin; early leptotine stage; 41-ehroniosoine plant: Marquillo. 

D. -Predisjunction and nonorientation; metaphajse of first division; 42-chromosome plant; Marquillo. 
Cv.— 'Predisjunction and nonorientation; nietaphase of first division; 42-chromosoine plant; Marciuillo. 
1).— Nonconjunction, eight univalents; metaplmseof first division; 42 chromosome plant; Marquillo. 

E. — Predisjunction, three bivalents; metaphase of first division; 42-chroniosoine plant; Marquillo. 

F. -~Trivalents, two univalents; metaphase o! first division; 41 -chromosome plant; Marquillo. 
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Stages in the meiotic divisions, microsporocytes; camera-lucida drawings (X 2,000) 

A. — Fragmentation; 42 chromosomes; same cell as Plate 2, F and G; anaphase of first division; 

Marquillo. 

B. —Fragmentation; 42 chromosomes; same cell as Plate 2 , H; anaphase of first division; Marquillo. 

C. -~20 bivalents, l single, drawn from side view; metaphase of first division; Marquillo. 

D. — 21 chromosomes, end view; anaphase of first division; Marquillo. 

E. — 19 bivalents, 1 trivalent, drawn from side view; metaphase of first division; Marquillo. 

F. — 20 bivalents, 1 univalent showing end constriction, end view; metaphase of first division; 

Marquillo. 
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supposition that tho chroinosoine pairs at a certain period in trans- 
forinatiori and development disjoin regardless of whether they are on 
the ecpiatorial plane. It seems that the time at which this stage of 
development is rea(‘hed may be correlated with the strength of associa- 
tion between the conjugants as exhibited by the ty])e of pairing. For 
a discussion of the tyjies of conjugation, which is not within the scope 
of this paper, see Aase (/). 

Whether the nonoriented bivalents divide later than the oriented 
bivalents is of equal ijiiportance. It is doubtful whether the non- 
oriented bivalent shown in Plate 1, D, would disjoin as soon as the 
chromosome pairs on the equatorial ])lane, as it does not appear to 
have completely undergone the transformation that occurs between 
th(' diakinesis and metaphase stages of the first division. Although 
somewhat more regular in outline, it still is similar in form to some of 
the chromosomes in Plates 2, D, and 5, A. Then, this chromosome 
pair has the ap])earance of being a lagger in both transformation and 
orientation. If such is the true interpretation, this bivalent would 
not be expect(‘d to divide as soon as the chromosomes on the equatorial 
plane. Plate 1, O, may furnish some information on this problem. 
This i)liotomicrogra])h of the telo])hase of the first division shows one 
univalent which has not undergone the second division and two se])a- 
rated chromosomes resulting from a univalent which has divided 
eq nationally. As shown here, chromosomes resulting from an e(i na- 
tional division can be distinguished easily from tliese originating from 
a disjunctional division. Also, as is shown by the upper chromosome 
of Plate 1, G, the iionequationally divided chromosomes of this stage 
clearly show the .s])lit. for the se(‘ond division. It will be noted also 
that all three chromosomes are in the same plane, which strongly 
suggests that they rejwesent sej)arated homologous (diromosomes 
which have first undergone a reductional division and thtm the lower 
resultant chromosome has undergone an equational division. The 
disjunction of the bivalent must have occured later than that of those 
giving rise to the nuclei at the ])oles, otherwise the nondivided chromo- 
sojne would be expected to have been included with the main grou]) at 
the x)ole. Also, it seems logical to assume that the bivalent giving rise 
to the lagging chromosome was not oriented on the equatorial plane 
at the time disjunction occurred, because if it had been both resultant 
daughter chromosomes would probably have exhibited the same 
behavior. On the other hand , if disj unc tion had taken place nearer the 
j)ole to which the undivided single is in proximity, the other member 
as it traveled toward the opposite pole may have been expected to 
undergo the ecfiiational division that has actually occurred. That this 
is an equational division and not a reductional division may be readily 
determined by a comparison between it and the nonoriented pair in 
Plate 1, C. That the ujjper chromosome of the three in Plate 1, G, 
has not undergone the equational division may be determined by 
comparing it with the chromosomes at the poles in IMatcs 2, F, and 
4, A, and with the equationally divided lagging chroniosomes in 
Plate 5, C. Comparatively speaking, the condition described can be 
found frequently in both Marquis and Marquillo. Plate 2, 1-J, are 
photomicrographs of the same microsporocyte of Marciuillo taken at 
different levels showing about the same condition as Plate 1, G. To 
have the orientation of the two photomicrographs comparable either 
one or the other should be inverted. A chromosome which has not 
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divided equationally is shown near the upper pole in Plate 2,1, whereas 
Plate 2, J, shows two chromosomes which have divided equationally. 
It seems highly probable that by dividing late nonoriented bivalents 
may give rise to the condition noted in Plate 1, G, and finally to micro- 
nuclei. 

NONCONJUNCTION AND POLYVALENCE 

From the foregoing results it seems that nonorientation of bivalents 
can account for some of the micronuclei occurring in the young micro- 
spores of Marquillo and Marquis. Other irregularities occur in the 
microsporogenesis of these two varieties and may be expected to have 
some influence on the prevalence of micronuclei. Univalents were 
found to be present, during metaphase of the first division, in some 
of the pollen mother cells of 42-chromosoine plants of both Marquis 
and Marquillo. Evidently, for some reason or other, chromosomes 
which are usually conjugated at this stage of meiosis were univalent. 
This condition is termed ^‘noncon junction,^’ and is illustrated in 
Plate 3, D, which is a camera-luciaa drawing of a inicrosporocyte 
of Marquillo, culture 407-17-13. Frequently, cells having a sin- 
gle chromosome also showed three chromosomes united rather than 
the normal number of two. (PI. 1, K-L; pi. 3, F.) In still other cells 
higher numbers were involved in a single union. This phenomenon 
was termed polyvalence. Nonconjugation and polyvalence are dis- 
cussed together because of the relationship that may exist between 
the two phenomena. 

It is not difficult to distinguish between nonconjunction (pi. 3, D) 
and predisjunction (pi. 3, E) when the predisjoined members are on 
opposite sides of the equator. However, when they are both on the 
same side of the main group of dividing chromosomes they can be 
distinguished only by their orientation with reference to the achro- 
matic figure, as is'shown by a comparison of Plate 3^ C and D, the 
former being considered a case of predisjunction. With the possible 
exception of plant 225-5 of Marquis, the phenomenon of the predis- 
joining members being on the same side of the equatorial plane was 
infrequent as compared with the occurrence of nonconjunction. 


Table 2. — Frequency ^ in 'percentages of the occurrence of nonconjunction and poly- 
valences and the number of univalents involved in microsporocytes of MarquiUo 
and Marquis 


Variety 

Microspores showing - 

('ells showing the indicated number of singles among 
those exhibiting nonconjunction 

Noncon* 

Junction 

Polyvalence 

1 

2 

3 

4 

5 

1 

(t 1 8 

Marquillo 

Marquis 

a 1:1:0. 44 
7.7± .93 

1. 4±0. 27 
. 4=b . 10 

50.0 1 
78.3 

I 3a3 
18.8 

as 

1.8 

2.5 

1.1 

a 1 

1. 3 i 0. 6 



I 


Table 2 gives the average percentage frequency of the occurrence 
of nonconjugation with the number of chromosomes involved and 
the average percentage frequency of polyvalence in the different cul- 
tures of Marquillo and Marquis. 

An average of 6.1 i 0.44 of the microsporocytes of Marquillo showed 
nonconjugation and 7.7 ±0.03 per cent of those of Marquis. The 
difference between the two varieties is not statistically significant. 
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The ranj^e of nonconjunction in Marquillo was from 0 to 13.0 per 
cent and in Marquis from 2.3 to 40.2 per cent. The number of 
univalent chromosoiues per cell in those showing nonconjunction 
ranged from 1 to 8 in Marquillo and from 1 to 4 in Marquis. The 
failure of homologous chromosomes to conjugate, for some unknown 
reason, would account for those cases where the number of univalents 
was even. If such were the correct explanation, 40.7 per cent of 
those cells of Marquillo showing nonconjunction would be accounted 
for and 19.9 per cent of those of Marquis. The possibility that these 
univalents maybe due to very weak synapsis followed by disjunction 
of the homologous chromosomes before or during early metaphase 
must not be overlooked. This will be discussed further in connection 
with plant culture 225-5 of Marquis which showed 40.2 per cent of 
nonconjunction. 

Even though 40.7 per <;ent of the cases of nonconjunction in Mar- 
quillo and 19.9 per cent of those of Marquis can be accounted for by 
the above explanation, there still remains 59.3 per cent and 80.1 per 
cent, of the cases to be explained. It seems that the phenomenon of 
polyvalence may be responsible for a part of the nonconjunction 
found. Plate 1, K-1 j, shows photomicrographs of trivalenta, and it 
is believed that six chromosomes are involved in the conjugation 
shown in Plate 2, A. It was impossible to determine exactly how 
many chromosomes were united in the polyvalence shown in Plate 
2, B. It seems that three chromosomes are joined end to end in the 
microsporocyto illustrated in Plate 2, C. The joined chromosomes 
extended over and beyond the equatorial plane and curved back 
again, the lower ])art not being in focus. Two other cases of trivalents 
of the type illustrated in Plate 1, K, were clearly distinguishable in 
this cell and there were three univalents off the equatorial plane. 
These cases of trivalents occurring in one cell and accompanied by 
univalents were found in a 42-chromosome plant. All the other 
cases illustrated were found in 41 -chromosome plants. The niicro- 
sporocyte illustrated by a photomicrograx)h in Plate 1, K, is shown 
as a camera-lucida drawing in Plate 3, F. There are two univalent 
chromosomes, as would be expected because of the trivalent associa- 
tion and because of the fact that this is a 41-chromosome plant. It 
should be added here that in the majority of the cells showing tri- 
valence it was not possible to locate an accompanying single. How- 
ever, this does not preclude the possibility of the single being present, 
as it might have been obscured in the main group of chromosomes, or 
it might have formed another polyvalent association. The frequency 
of the occimrcnce of trivalents and tetravalcnts for Marquillo and 
Marquis is given in Table 2. Only two cases of other polyvalent 
associations were found. In Marquillo, on an average, 1.4 per cent 
of the cells examined showed polyvalence, and 84.4 per cent of the 
number showing this phenomenon exhibited trivalents and the re- 
maining 15.6 per cent tetravalents. In Marquis only 0.4 per cent 
of the pollen mother cells examined during metaphase revealed unions 
of more than two chromosomes. It does not seem that the amount 
of polyvalence exhibited by either Marquillo or Marquis is sufficient 
to i^coimt for 59.3 and 80.1 per cent, respectively, of cases of non- 
conjunction, which is the amount not accounted for by failure of 
homologous chromosomes to pair. Then it seems that either some 
of the univalents, as such, are hidden by the bivalents or else the 
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polyvalent nature of some of the conjugants is obscured. The small 
correlation coefficient between polyvalence and nonconj unction of 
•f 0.28 substantiates the conclusion that the amount of polyvalence 
discernible does not account for a large percentage of the cases of 
nonconjunction. According to Fisher’s (;^) table for small numbers, 
this correlation is not statistically significant. Howev4?r, it should 
be noted that a high correlation could not be e.xpected because it is 
not likely that all the cases of trivalents were discernible and also 
because a relatively high proportion of the non conjunction noted 
probably was due to failure of homologous chromosomes to undergo 
synapsis. 

Plant culture 225-5 of Marquis is of special interest because it 
exhibited nonconjunctiori in 40.2 per cent of the microsporocytes 
examined. E and F of Plate I are photomicrographs of pollen 
mother cells of culture 225 -5. Plate 1, F, shows very weak conjuga- 
tion between the bivalents not on the equatorial ])lane. Plate 1, E, 
shows a still greater separation between two single chromosomes 
that may have l)een paired. Of the 179 pollen mother cells examined 
in this plant 35 revealed one single chromosome, 31 two singles, 3 
three singles, and 3 four singles. It seems as though in this particular 
plant two homologous chromosomes must have lost their affinity for 
each other, or perhaps that statement should be modified by saying 
the greater part of their affinity, as weak conjugation was noted in a 
number of cases. The occurrence of a high ])ercentage of the micro- 
sporocytes of this plant showing nonconjunction might be expected 
to be reflected in a high percentage of the microspores showing 
micronuclei. Out of 552 immature pollen grains of other s])ikelets 
of the same plant examined, only 1.1 per cent showed micronuclei 
as compared to an average of 0.8 per cent for the 27 Marcpiis plants 
studied. Three Juindred well-stained immature pollen grains froju 
the same spikelet were studied and micronuclei were found in only 
1.2 per cent of them. These results indicate that either the high 
percentage of nonconjunction noted is not common to all the jiiicro- 
sporocytes of plant 225-5 or else the univalent chromosomes arc 
reaching the poles during meiosis and being included in the macro- 
nuclei of the microspores. The former hypothesis seems the inost 
plausible, as is shown in a report on culture 223, in a later s(H*tion of 
this paper. 

PREDISJUNCTION 

Only those cases in which both chromosomes were on opposite 
sides of the equatorial plane (pi. 3, B and E) were included in the 
determinations of the percentage of predisjunction. The micro- 
sporocytes of Marquillo showed 6.3 ± 0.69 per cent of this phenomenon 
and those of Marquis 2.8 ±0.31 per cent. The difference between 
the two varieties is statistically significant, as can be seen from an 
examination of the probable errors. The range in Marquillo was 
from 0 to 18.5 per cent and in Marquis from 0 to 7.9 per cent. The 
number of bivalents involved in predisjunction ranged from 1 to 3 
in both Marquillo and Marquis. It is difficult to determine the 
significance of predisjunction, but it seems doubtful whether this 
condition gives rise to micronuclei, as the chromosomes arriving at 
the poles early probably would be joined later by the main group. 
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StaRes of meiotic division, microsfKirocytes; caniera-lucida drawings (X 2,000) 

A— Fragment, above nucleolus, same cell as Plate 2, D; diaklnesis of first division; 41*cl)romosome 
plant; Marquillo. 

B. —Univalent and fragment, same plant as A; metaphase of first division; 41>chroinosoiue plant; 

Marquillo. 

C. —Lagging univalents, same plant as A and B; late anaphase of second division; 41>chromosome 

plant; Marquillo. 

D. — -Lagging chromosome (a) and fragment (6); same plant as A, B, and C; telophase of second divi- 

sion; 41-chromosome plant; Marquillo. 

E. — Fragmentation, fragment, an<l micronucleus; same plant as A, B, C, and D; telophase of second 

division; 41-chromosome plant; Marquillo. 

F. — Frament and two micronuclei; same plant as A, B, C, D, and E; tetrad; 41-chromosome 

p^t; Marquillo. 
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FRAGMENTATION 

Irregularities other than those involving entire ehrornosoines were 
noted during microsporogenesis of Marquillo and Marquis. Plant 
407-15-17, a 41 -chromosome plant, show^ed during metaidiase, in 
addition to the univalent chromosome, a small lagging fragment. It 
was possible to find the fragment of a chromosome not lined up on the 
equatorial plane in 70.2 per cent of the inicrosporocytes in the meta- 
phase stage of the first division. (PI. 5, B.) The fragment was not 
distinguishable in the remaining 29.8 per cent of the cells. It may 
have become obscured by having formed unions with other chromo- 
somes or by having lined up on the equatorial plane. Plate 4, F, is 
an end view of the metaphaae showing 20 pairs and 1 single, and offers 
some evidence for the hypothesis that the fragment may form 
unions with other chromosomes. The single chromosome appears 
constricted at one end, and as the fragment was not visible in this 
microsporocyte it seems plausible that the constriction might mark 
the ])oint at which the fragment had become attached. A clearer 
case of an end constriction is shown in Plate 2, C, which is a jihoto- 
microgra])h of another plant of Marquillo. 

(lood preparations of inicrosporocytes of plant 407- 15-1 7. in other 
stages of develo])mont were available also. The fragment was dis- 
cernible in 88.9 })er cent of the 98 cells examined in the diakinesis 
stage. It was usually located near the peri])hery of the nuclear 
cavity, as is showm in the up])er portion of Plates 2, D, and 5, A, which 
are a iihotomicrograph and a camera-lucida drawing of the same cell. 
The ])resencc of the fragment in the diakinesis and metaphase stages 
raises the (piestlon as to whether or not it can be found in the young 
microspores. Thirty-one and three-tenths per cent of the 198 micro- 
spores examined in the tetrad stage showed a small clump of 
clironiatin. (PI. 5, D-P".) In some instances (pi. 5, F) the small 
clump w’as acconqianied by a larger micronucleus and in others by 
the macronucleus only. The distinction between the micronuclei 
and the small clumps of chromatin was made on the basis of size, 
pjvidence that the two could be diflerentiated is obtained by conqiai- 
ing the percentage of microspores of other 41-cliromosome jdants 
showing micronuclei with that of plant 407-15 -17. The percentage 
of microspores showing micronuclei in plant 407-15-17 was 80.3, and 
the average for six 41 -chromosome plants was 23.4. The percentage 
for plant 407-15-17 is already somewrhat higher than expected on 
the basis of other 41 -chromosome plants and would be still higher if 
the percentage of microspores showing small clumps of chromatin in 
the cytoplasm were added to it. This, then, is further proof that the 
fragmented piece of chromosome seen in the diakinesis and meta- 
phase stages is responsible for the small clumps of chromatin found 
in the microspore. 

Second divisions were not available in plant 407-15-17, but plant 
407-7-5 showed fragments in the second division. (PI. 2, K.) 
Seventy-five microsporocytes in the metaphaso of the second division 
were studied: 60 showed 1 fragment in each member of the diad, 6 
showed 2 fragments in one member and none in the other, and 
1 showed 2 fragments in each meinber. In the one case having 2 
fragments in each member of the diad, the appearance in both is 
as if 1 may have divided to form 2. The position of the fragments 
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varied; being sometimes close to the equatorial plane and at other 
times some distance from it. A few telophases of the first division 
wore available. Plate 2, I-J, shows photomicrographs of the same 
cell taken at different levels, and in order for the poles to correspond 
either the one or the other should be inverted. Both of the fragments 
were present and were in proximity to each other, appearing as though 
the two fragments had arisen from a division of one. Metaphases 
of the first division and microspores were not available. 

It would be interesting to know the period or periods in the life 
cycle of the plant at which these fragments arise. It is not possible 
to say definitely at what stage fragmentation took place in the Mar- 
quillo cultures 407-15-17 and 407-7-5, but that fragmentation can 
take place during the anaphase of the first division is shown by Plate 
2, F-H. The photomicrographs in Plate 2, F and G, arc of the same 
microsporocyte taken at different levels. At the upper right side 
of the former is a chromosome, one of the chromatids of which reveals 
the beginning of a break. A chromosome in the lower right end of 
Plate 2, G, shows the same y^henoinenon in a more advanced condi- 
tion, and Plate 2, H, represents a still more advanced stage with the 
fragmented piece at the equatorial plane. The chromatid involved 
seems to be breaking at approximately the center, as is shown by 
Plate 2, F. Camera-lucida drawings of the two microspores involved 
(pi. 4, A and B) show the chromosome nuniber of this plant (407-7- Kp 
to be 42. These two cells were the only two microsporocytes of this 
plant exhibiting fragmentation. Also, 125 pollen mother cells in the 
metaphase stage of the first division were examined without evidence 
of fragmentation being found, proving that it occurred as noted for 
the first time during anaphase of the first divisions. 

That fragmentation also occurs in Marquis is shown by Plate 2, E 
and L; the former being the metaphase of the first division and the 
latter the tetrad* stage, showing a fragment in the cytoplasm of the 
upper left-hand microspore. 

No definite attempt was made to determine the frequency of frag- 
ments in Marquillo and Marquis, but any fragmentation noted while 
the microsporocytes of these varieties were being studied for other 
abnormalities was recorded. Twelve of the 32 plants of Marquillo 
examined and 8 of the 27 plants of Marquis were recorded as showing 
some degree of fragmentation. From these figures it would seem 
that fragmentation is fairly common in both Marquillo and Marquis, 
but such a conclusion would be erroneous, as only one instance of 
fragmentation in any of the stages of a particular plant studied 
would have been recorded as the occurrence of fragmentation. That 
fragments could have been found in a relatively large proportion 
of the plants and still be of infrequent occurrence is emphazised by 
the fact that the total number of cells studied, including both micro- 
sporocytes and microspores, would average somewhat over 600 per 
plant. 

Fragmentation has been shown to take place during the anaphase 
of the first division. This could not directly explain the occurrence 
of fragments in the diakinesis and metaphase stages of the first 
division of plant 407-15-17, nor could it be expected to explain the 
large proportion of the microsporocytes of plant 407-7-5, which 
showed this phenomenon during the metaphase of the second aivision. 
The fact that the diakinesis and metaphase stages show fragments- 
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tioii, together with its high frequency in the second division, indicates 
that in these plants the abnormality must have arisen in the somatic 
tissue or in the sexual cells of the preceding generation . If the latter 
supposition is correct, the behavior of the fragment may be likened 
to that of a univalent chromosome. 

PROGENY OF SELECTED PLANTS 

Progeny of three of the plants of Marquillo studied cytologically 
were grown in 1930 for the purpose of conduc.ting further investiga- 
tions. Culture 407-17 13 was grown because of the comparatively 
high percentage of the different aberrations found to occur during 
microsporogenesis. Three and five-tenths per cent of the micro- 
spores possessed micronuclei, 14.4 per cent of the microspores exhib- 
ited nonorientation, 18.8 per cent nonconjunction, and 10. 0 per cent 
predisjunction. These are considerably above the averages for Mar- 
(luillo, w’hich were 2.8, 10.8, 16.1, and 6.3, respectively. In addition, 
tlie number of univalent chromosomes in the pollen mother cells 
showing rioncon junction varied from 1 to 8, the greatest range in 
any plant studied. The percentage of microsporocytes revealing 
polyvalence, was only 1 per cent above the average for Marquillo. 
Plate 3, B E, shows camcra-liicida drawings of aberrations found in 
the microspores of this plant. The progeny of culture 407 -12 -24 
were included for further studies because, in general, its microsporo- 
cytes exhibited fewer aberrations than the average for all the plants 
of Marquillo. The regularity of the alinement of its chromosomes on 
the equatorial ])lane during metaphase of the first division is shown 
in Plate 1, B. Of the inicrospores examined, 2.6 per cent revealed 
micronuclei, and of the microsporocytes examined, 6.0 per cent showed 
nonorientation, 6.7 per cent nonconjunction, 4.4 ])er cent predis- 
jiinction, and 0 per cent polyvalence. Culture 407 12 -3 of Marquillo 
was included because of its being a 41-(*hromosome plant. 

The number of chromosomes in the 10 i)rogeny of culture 407-1 7 13 
was determined on the basis of the percentage of mi(*rospores showing 
micronuclei, with the exception of plants 223-10 and 223-4 the num- 
ber of whose chromosomes was determined by counts made in the 
anaphase of the first division. That this is an accurate method of 
determining whether univalent chromosomes are present is shown 
by an examination of Table 3. As this table shows, the percentage 
of microspores of 41 -chromosome plants exhibiting micronuclei varied 
only from 22.0 to 25.3 per cent. As all the plants of Marquillo 
studied had either the normal number of chromosomes, 21 pairs, 
or 20 pairs and 1 single, or 19 pail's and 2 singles, it seems safe to 
conclude that all the progeny of culture 407-17-13, with the excep- 
tion of 223-10, had the normal number. 

12505 ( 1—32 2 
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Counts of plant 223-10, made from the anaphase of the first divi- 
sion, showed without exception that this plant had 41 chromosomes. 
This finding: is further substantiated by an examination of micro- 
sporocytes in the metaphase of the first division and others in the 
tetrad stage. Of 1 1 9 microsporocytes in the metaphase of the first 
division 108 showed a univalent chromosome, 4 three univalents, and 
7 no univalents. In 2 of the 7 microsporocytes not showing any single 
chromosomes two cases of trivalents such as noted in Plate 4, E, were 
clearly visible. These results show the chromosome behavior during 
the metaphase of the first meiotic division to be characteristic of the 
4 1 -chromosome plants already described and those to be discussed 
later. Twenty-one and seven-tenths per cent of the rnicrospores in 
the tetrad stage exhibited micronuclei, which amount is very close to 
the 23.4 per cent exhibited by the 41 -chromosome jirogcny of a 41- 
chromosome plant, culture 407-12-3. These results are important 
in showing that a 41 -chromosome plant may arise from one having 
42 chromosomes. From the foregoing discussion on chromosomal 
aberrations it is easy to visualize how such a 41 -chromosome plant 
could originate. If a normal 21-<‘hromosonie male gamete fertilized a 
female gamete having only 20 chromosomes, owing to nonorientation 
or some of the other previously reported aberrations, a 41 -chromosome 
zygote w^ould result. As the spikes of this plant were not covered 
tile previous year there still remains the possibility that the 41- 
(‘hromosome plant might have resulted from pollination of a normal 
(lower wnth stray pollen from another 41 -chromosome plant. It can 
l>e shown from data given on 41 -chromosome plants that the chances 
of the 41 -chromosome plant being the result of chromosomal aberra- 
tions are fifty times greater than that of its being due to cross- 
pollination. 

Another interesting abnormality wmis found in one of the progeny of 
culture 407-17-13. While making counts of the young microsj)ores of 
plant 223 -4 to determine the percentage that possessed micronuclei, 
it was noticed that the upper pollen sac of plant 223-;4 w as averaging 
stiikingly higher in percentage of rnicrospores showing one or more 
micronuclei than was the low^er pollen sac of the same anther. It will 
be remembered that all spikelcts were cut longitudinally and therefore 
would be expected to show a considerable number of rnicrospores in 
each section. Counts were made in the four sections showing the two 
pollen sacs; the results obtained are recorded in Table 4. 


Table 4. — Variations hetween different pollen sacs of the same anther, in the per- 
centage of rnicrospores showing micronvclei, plant of marquillo, culture No. 223- Ji 


Seftion No. ® 

Miorosiwres in upper pollen .sar | Microspores in lower pollen sac 

Total 1 Show'ing micronm-lei ; 

; Total 

Showing micro- 
nuclei 

1- 

2... 

i 

1 

' Number 
56 , 11 

68 i 22 

98 ' 17 

76 ! 16 

Per cent ! 

19.0 
.12.4 
17.3 

20.0 


Number I Per cent 

0 0 

1 1.9 

3 i 4.6 

0 1 0 

Total 

297 : (15 


1 202 

4 ! 

Average * . . 

22. dd=2. 02 j 

1 



.1 

1 

j 1.0d:0. 04 


«On slide No. 61. 
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In the upper pollen sac 22.3 ±2.02 per cent of the 297 microspores 
counted revealed micronuclei, whereas only 1.6 per cent of the micro- 
spores counted in the lower pollen sac exhibited this condition. The 
percentage of microspores snowing micronuclei is very close to the 
average of 23.4 ± 0.24 shown by 41-chromosome plants. This strongly 
suggests that the microsporocytes giving rise to the microspores must 
have possessed one unpaired chromosome, probably 20 bivalents plus 1 
univalent. Since the lower pollen sac did not show this high per- 
centage of abnormalities, the mutation giving rise to the univalent 
chromosome must have occurred some time during the development 
of the young anther, after the tissue giving rise to the pollen sacs had 
become differentiated, perhaps in the first archesporial cell. There 
were only 16 microsporocytes in the metaphase available, and only 1 
showed a single chromosome. There were a number of microsporo- 
cytes in the diad stage, but lagging chromosomes were not any more 
frequent that in 42-chromosome plants of Marquillo. These results 
indicate that the high percentage of abnormalities is limited to the 
upper pollen sac of this one anther. 

The average percentage of abnormalities in the microsporocytes of 
the progeny of culture 407-17-13 was 4.7 ± 1.44. The range in var- 
iability was from 0.5 per cent in plant 223-12 to 21.7 per cent in plant 
223-10 and the coefficient of variability was 143.0. 

The progeny of culture 407-12-24 was grown because in general this 
plant exhibited a lower percentage of the different aberrations than the 
average of the Marquillo plants studied. As determined by the per- 
centage of microspores showing micronuclei, all of the 16 progenj^ 
studied possessed the normal number of chromosomes. Jt will be 
remembered that culture 407-12-24 exhibited microiniclei in 2.6 per 
cent of the microspores. The average percentage of the microspores 
of the progeny exhibiting micronuclei was 2 ±0.1 3, and the range of 
variability was from 1.1 per cent to 3.4 per cent. The coefficient of 
variability was 39.7. Tnese data show that the average percentage 
of micronuclei was only 0.6 of one per cent below that of the parent 
grown the previous year. Also, it is of interest to compare the prog- 
eny of culture 407-17-13 and 407-12-24. The difference of 2.7 per 
cent between the percentage of microspores showing micTonuclei is 
not significant because of the high probable error of culture 407-17-13. 
The range of variabilitv in progeny of culture 407-17-13 is 18.9 per 
cent higher than that for the progeny of culture 407-12-24. These 
data are based upon an examination of 5,610 microspores of the 10 
progeny of culture 407-17-13 and 9,298 of the 16 progenv of culture 
407-12-24. 

Of the seven progeny of culture 407-12-3 studied, it was possible 
to obtain coimts from the anaphase of the first division in all plants 
except 222-7. In this plant coimts were made only from the meta- 
phase of the first division. A summary of the data obtained is given 
in Table 3. 

All plants were found to have 41 chromosomes, except 222-1, 
which possessed only 40, consisting of 19 pairs and 2 singles. Of the 
120 microsporocytes of plant 222-1 examined, 102 showed two singles 
not on the equatorial plane, 5 one single, 5 three singles, and 8 four 
singles. These figures show that 85 per cent of the microsporocytes 
had 2 univalent chromosomes, which compares very favorably with 
the data obtained for the six 41-chromosome plants. In these plants 
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86.4 per cent of the 1,047 microsporocytes examined showed 1 univa- 
lent chromosome. Also, 42.4 per cent of the microspores of plant 
222-1 possessed micronuclei, as compared with 23.4 ±0.24 per cent 
for the 41 -chromosome plants. These results support the counts 
showing plant 222-1 to have 40 somatic chromosomes, composed of 
19 bivalents and 2 univalents. Table 3 shows that the data taken 
individually on the six remaining plants do not vary greatly, which is 
strong evidence supporting the counts that show these ])lants to be 
composed of 20 bivalent chromosomes plus 1 univalent. 

These results are not those to be expecticd on the basis of random 
distribution of the single chromosome during meiosis of the micro- 
sporocytes and the megasporocytes. If the single chromosomes w^ent 
at random to the poles during the first division, 50 per cent of the 
gametes would be expected to contain 21 chromosomes and the 
remaining 50 per cent would be expected to have 20 chromosomes. 
Random mating and survival of all the progeny would give a ratio of 
one 42-chi*omosome plant; two 41 -chromosome plants; one 40- 
chromosomc plant. Instead of this ratio six 41 -chromosome plants 
and one 40-chromosome plant were obtained. The constitution of 
the 4()-chromosome plants, according to theory, should be 20 bivalents 
and no univalents. The 40-chromosome plant was (*omposod of 19 
bivalents plus 2 singles, which makes it appear as though it should be 
classified among those having 41 chromosomes. The loss of a chromo- 
some through nonorientation or some of the other aberrations noted 
in 42-chromosoine plants would account for this condition of 19 
pairs and 2 singles. 

The behavior of the single chromosome during meiosis is important 
as its determination would furnish information as to the manner in 
which the different aberrations noted during metaphase of the fiist 
division of 42-chromosome plants give rise to micronuclei in the 
microspores. An attempt was made to follow the single chromosome 
through the various stages of meiosis. It was possible to distinguish 
the single chromosome in 86.4 ])er cent of the metaphases of the first 
division. Counts were made of the number of cliromosomes at the 
poles in 27 microsporocytes in the anaphase of the fh*st division. In 
17 of these the single chromosome had gone to the poles without 
dividing or lagging, as was evidenced by there being 20 chromosomes 
at one pole and 21 at the other. In the other 10 cells the univalent 
chromosome was found lagging and dividing. Tlierefore, in 63 per 
cent of the cells the single cliromosome was not lost, whereas in 37 
per cent it was lost. On this basis 18.5 per cent of the microspores 
would be expected to showr a micronucleus and the cxpec.ted ratio of 
20:21 chromosome gametes would be 69:31. The studies of the 
second division were made on the microsporocytes having both mem- 
bers of the diad present, and the percentage of microsporocytes show- 
ing the lagging chromosome was determined on the basis of both 
showing it. In the metaphase of the second division only 1 out of 
the 18 microsporocytes examined exhibited lagging chromosomes in 
both metaphases and none exhibited a lagging chromosome in only 
one member of the diad. On this basis only 2.7 per cent of the micro- 
spores would be expected to possess micronuclei. The results 
obtained can be explained by assuming that the already eciuationally 
divided chromosomes are included on the equatorial plane wdth the 
others. This agrees with the conclusions of Watkins {18) that tlie 
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single chromosonies dividing in the first division are regained in the 
second. Of the 51 pollen mother cells studied in the anaphase or 
early telophase of the second division, 22 exhibited lagging chromo- 
somes in noth members. On this basis 21.6 per cent of the micro- 
spores in the tetrad stage would be expected to show a micronucleus 
and the expected ratio of 20:21 chromosome gametes would be 72 :28. 
A study was made on 3,198 microsporos, 750 or 23.4 per cent of which 
showed a micronucleus. On this basis the expected ratio of 20:21 
chromosome gametes would be 74:26. These data are summarized 
in Table 5. 


Table 6 . — Percentage of microaporocytes shonnng the univalent chromosome lagging 
or off the equatorial plane during microsporogeneais of 4 J -chromosome plants 


stage uf microsporogenesis 

Mlcrosporocytes Ext^cted 

. _ . percent- 

age of 
micro- 
spores 

Total Showing univalents; showing 

1 micro- 
! nuclei 

Exi)ected 
ratio of 
20:21 
chromo- 
some 
gametes 



j 

Number 

Per cent ! 


Metaphase of first division 

Anaphase of first division 

1,047 

\ 9U.^ 

80.4 ; 21.8 

72:28 

27 

10 

37. 0 1 18. 7) 

00:31 

Metauhase of second division 

Anaphase or early telophase of second division 

Tetrad « 

Back cross - 

18 

1 

6. 0 i 2. 7 

.'»3:47 

.'ll 

22 

43.1 21.0 

72:28 

800 

377) 

47. 0 2.3. 7) 

i 23.0 

74:20 

73:27 




j 



» (/OuntK made from examination of young micmsiiores and converted to microsporocyte i>asivS. 
k Ratio of 20:21 chromosome gametes in megaspores as determined by back crossing to a 42-chromosome 
plant was 73:27 (Nishiyama U). 


Nishiyama {H) made a study of the ratio of 20:21 chromosome 
gametes by back crossing a 41-chromosome plant obtained from a 
cross of Triticum polonicum Xs 2 >elta wdth speltUy and found that the 
ratio of 20:21 chromosome gametes was 73:27. He concluded from 
examination of Kihara’s {11) and Watkins’ (77) results that loss of 
chromosomes occurs with about the same frequency in microspore 
formation as in magaspore formation. If this assumption is correct, 
the results reported here are in very close agreement with those 
obtained by the back-cross method. 

The data on the behavior of the univalent chromosome of 41- 
chromosome plants can be satisfactorily explained by the following 
hypothesis. The chances of the univalent chromosome undergoing 
the equational division in the first division are slightly less than those 
of its passing to the poles without dividing. In the latter case the 
univalent chromosome behaves normally and micronuclei are not 
fonned in the microspores. In those cases in which the univalent 
chromosomes divide equationallv in the first division the resulting 
daughter chromosomes are distributed to opposite diads and both are 
included in the achromatic figures but are not discernible. However, 
another division does not occur but instead these chromosomes lag 
and eventually round up to form the micronuclei found in 23.4 per 
cent of the microspores of 41-chromosome plants. It should be noted 
here that the percentage of microspores showing micronuclei due to 
the imivalent cwomosome, is probably in reality somewhat lower than 
that reported because of other chromosomal aberrations producing 
the same phenomenon. 
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Generally it has been assumed by the various investigators that the 
reason for not being able to discern the univalent chromosome or 
chromosomes in all microsporocytes showing the metaphase of the 
first division is because of the other chromosomes obscuring it. The 
close agreement between the expected percentage of microsj)ores 
showing micronuclei based on a study of the metaphase of the first 
division (Table 5) and that based on the anaphase or earlv telophase 
of the second division with the percentage actually found by counts 
made of the tetrad stage indicates that the univalent chromosome 
may not have been present in those cells in which it was not dis- 
cernible. The extrusions of karyotin, previously described, would 
furnish the mechanism whereby it could have been eliminated during 
the early stages of sporogenesis. 

The agronomic characters of the progeny of these cultures arc 
reported in Tables () and 7. 

Table 6 shows that Marquis surpassed culture 407-1 2 -24 in number 
of spikes, percentage of fruitfulness, and height in inches, but was 
inferior in weight of seeds, percentage emerged based on number of 
seeds j)lanted, and percentage matured based on the number of seeds 
planted. Marquis and culture 407-12-'24 did not differ significantly 
in res])eH*t to their coefli(*ients of variability. However, culture 407- 
12 24 had a higher coefficient of variability than Marquis as regards 
numbt'-r of spikes and i)ercentage of fruitfulness, but the reverse was 
true for weight of seed in grains and height in inclies. (hilturc 407- 
17-111 without exception averaged higher in all six characters studied 
and in general showed a Iowtt coefficient of variability. On the other 
hand, culture 407 12-3 averaged lower in all characters than any 
other culture studied with one exception. Manpiis was lower in 
peiTontage of plants to emerge based on number planted. It will be 
remembered that culture 407-12-3 was a 41 -chromosome plant 
culture 407 -17-13 showed a high percentage of abnormalities during 
microsporog;cnesis, culture 407 12-24 exhibited a low ])ercentage of 
abnormalities during mic.rosporogenesis, and Marquis w^as planted 
for puiposes of comparison. The progeny of the 41 -chromosome 
plant possessed a higlier coefficient of variability for every character 
studied. (Table 7.) 


Table 6. — Average values of statisiical measures of the characters of selected lines of 
Marquillo and Marquis from measurements made on individual plants 


Variety or culture No. 

j 

1 

Individ- 1 
uals ! 

i 

Height 

Spikes 

Fruit ful- 
} ness 

Weight of 
seed 

Kmcr- 
geueo 
hused on 
number 
of seeds 
planted 

Matura- 

tion 

based on 
number 
! of seeds 
planted 


Number 

Inches 

Number 

Per cent 

(iramK 

Per cent 

Per cent 

Marquis 

24 

37. 1±0 , 39 

17. Ji: 1.01 

87. 4± 1.04 

4.8±0.43 

80.7 

83.3 

407-12-24 

23 

29. 2± . 17 

13.4db .87 

83.5^:1.93 

5. 7db . 48 ! 

92.0 

84.0 

407-17-13 

15 

34. i± . 28 

20. 1±1.02 

88. 3±2. 24 

9. 4± . 74 

100.0 

93.8 

407-12-3 

7 

25. 6± .82 

la 7:4:1. 33 

<52.6±5.25 

1.9A.33 

88.9 

80.0 
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Table 7. — Coefficients of variability of characters of the progeny of selected lines of 
Marquilio and Marquis from measurements made on individual plants 


Vtiriety or culture No. 

1 Individ- 
I uals 

IlelKhi 

Spikes 

Fruitfulness 

Weight of 
seed 

Mflrqui.s - ... 

407-12'‘24 

407-17-13 

407-12-3 

Number 

24 

23 

15 

..1 7 

1 


Number 

42. 7db 4. 86 
46. 0 ± 5. 46 
20. \± 3. 87 1 
48. Ud:10. 72 

Per cent \ 
13. 7±1. 36 
lfi.4±1.67 ■ 

1 14.5±1.82i 

.33. 0d=6. 5(( 

Ora nut 

Ci^ 8± 8. 76 
.59. 6± 7. 7.5 
45. 'i± 6. 62 
08. 9=tl7. 34 


CORKELATIONS BETWEEN CYTOLOGIC ABERRATIONS 

It seemed important to determine the relationships of the different 
aberrations to each other and if possible the influence that they 
may exert upon the characters of the plant. Since it w&s impossible 
to distinguish qualitative differences, these characters liave been 
omitted from the discussion. All measurements of quantitative char- 
a(*tcrs were made on individual plants and expressed on the plant 
basis. It is important to keep in mind that the correlations between 
abnormalities and plant characters calculated for Marquilio, with the 
exception of one correlation on fruitfulness, are not comparable with 
those of Marquis, the reason for this being that the characters corre- 
lated with aberrations in Marquilio are of the progeny of the plants 
studied cytologic ally, whereas those of Marquis are the characters of 
the plants studied cytologic ally. This would make the tw^o sets of 
data differ in two essential points. (1) The microsporocytes studied 
give rise to the plants with whoso characters their abnormalities are 
correlated and (2) the measurements are based on the average of 
many plants in Marquilio. In the case of Marquis the abnormal- 
ities of the microsporocytes arc correlated with the characters of the 
plants producing 'them and of necessity the measurements are based 
on only one plant, flowever, the correlations between the difTerent 
abnormalities found in Marquilio and tlio same correlations for Mar- 
quis are comparable. 

For determining the statistical significance of coeflicicnts of corre- 
lation, Fisher’s (2) table giving values of the correlation coefficient 
for different levels of significance was used. Coefficients of correla- 
tion giving a P value of 0.05 were considered as being statistically 
significant. If is 20 a correlation of 0.42 would be necessary to 
give a P value as low as 0.05. Fisher’s tables have been used because 
the coefficients of correlation reported in this wwk are based upon 
small numbers. It is usual to measure the significance of the corre- 
lation r by employing the probable error obtained by the formula 

£> = 0.6745 — ; — With small samples the value of r is often very 

yn 

different from the true value and consequently 1 — r* is in error, and 
also the distribution of r for high correlations in small samples is far 
from normal, so that tests of significance based on the Er determined 
from this formula may be misleading. For practical purposes by the 
use of Fisher’s table these two errors are avoided. 

Table 8 gives the simple and partial correlations obtained between 
percentage frequency of different aberrations occurring during micro- 
sporogenesis 01 Marquilio and Marquis. Those correlations were 
calculated in an endeavor to determine the part that each of the 
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aberrations, nonorientation of bivalents, noncon junction, and prodis- 
junction played in causing the occurrence of the micronuclei found in 
microsporcs in the tetrad stage. 

Table 8. — Coejficients of correlation between percentage frequencies of different aber- 
rations found occurring during rnicrosporogenesis of Marquillo and Klarquis “ 



Muniiiillo 



Manjiii.s 

1 

i 

Simple 

PartiHl 

N 

Simple 

I’artial 

N j 

1 

rl2+0. 70 

1 rl2.34-fO.72 

:40 

.... 

r 12+0. 70 

rl2. 34+0.70 

27 1 

rl3+ . 32 

: rI3.244- . 17 ! 

25 

1 rl3+.17 

rl3.42+.15 ! 

20 1 

rl4+ .21 

i rl4.324- .20 i 

27 

rI4- . 14 

rl4.32+ . 10 ; 

25 i 

r23-|- . 12 

1 r23.]4-f .01 

25 

. 12 

r23. 14- .24 1 

20 

r24- .O.'j 

; r24. 13- .24 

27 

1 r24- .25 

r24. 13- .23 , 

25 1 

r34+ .58 

i r34. 12+ . 54 ' 

24 

1 r34- .31 

r34. 12- .30 ! 

25 j 

Kx.zm . 7.5 



1 .71 


1 

i i 


1 


■ 1 


" Key to miiiibers; i -rnicronuclei; 2 =“ nonorientation; a-nonoonjunetion; 4 -i>reclisjun('tion. Levels of 
siKniflraiu'c;: Aminlintt to Fisher's 0!) tables for the values of the (‘orrelation (^oefliolent for ditTerent levels 
of siKnifU‘aii(« an V of 2U and r of 0.42 {{ives u P value of 0.0.*). 

The only significant simple and partial correlations obtained in 
both Marquis and Marquillo were those between nonorientation of 
bivalents and rnicronuclei, the simple correlation b(‘ing I 0.70 in both 
Marquillo and Marquis, and tlic partial correlations being I 0.72 and 
4 0.70, respectively. Both the simple and partial correlations be- 
tween noncoiij unction and rnicronuclei in Manpiillo and Manjuis 
were |)ositive but not statistically significant, being j 0.32 and I 0.17, 
respectively, for Marquillo and +0.17 and +0.15 for Mar(|uis. The 
simple correlations between nonorientation and nonconjunction in 
both Marquillo and Marquis were +0.12 and the partial correlations 
were +0.01 and —0.24, respectively. None of these values are 
statistically significant. 

These results indicate that nonorientation and nonconj unction are 
independent of each other, and such a conclusion is what would be 
expected from the cytologic studies. Such is not true, however, of 
the association between nonconjunction and rnicronuclei, as there 
s(Huns to be no cytological basis for assuming that at least a part of 
the univalents found during metaphase of the first division should 
not give rise to rnicronuclei in the tetrads. Especially is this true 
since the univalent chromosome of 41 -chromosome plants has been 
found to do so. Then the question arises whether the correlations 
found measure the true relationship existing between nonconjunction 
and micronuclei even though they are not statistically significant. 
The fact that all the correlations between these two aberrations in 
both Marquillo and Marquis are positive indicates that they are 
probably more important than the level of significance set up indi- 
cates. Therefore, considering both the cytologic studies and the 
coefficients of correlation it seems that the phenomenon of noncon- 
junction gives rise to micronuclei. 

In the studios with Marquillo a simple correlation of I 0.21 and 
a partial correlation of +0.20 were obtained between rnicronuclei 
and pre^s junction. The corresponding correlations in Marquis were 
-^0.14 and +0.10. The simple and partial correlations between 
nonconjunction and predisjunction were +0.58 and 4 0.54, respec- 
tively, in Marquillo and —0.31 and —0.30 in Marquis. The correla- 
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tions between iionconj unction and predisjunction are statistically 
significant in Marquillo but are not in Marquis. It seems doubtful 
whether predisj unction is instrumental in the production of micro- 
nuclei in the tetrads. This is in agreement with the cytologic evidence. 

From a consideration of all available data it seems logical to con- 
clude that nonorientation is most prominent in the production of 
micronuclei, but that nonconj unction also plays some part. 


CORRELATIONS BETWEEN PERCENTAGE FREQUENCY OF DIF- 
FERENT ABERRATIONS AND STATISTICAL MEASURES OF 
PLANT CHARACTERS 


The coefficients of correlation were used to determine the relation- 
ship existing between the abnormalities occurring during microsporo- 
genesis and plant characters. The data may be separated into two 
distinct groups. In the first group are included the coefficients of 
correlation between (cytologic aberrations and the statistical measure 
of characters of the plants which producexl them, and in the second 
group are given the coefficients of correlation between cytologic 
abnormalities and the statistical measures of the characters of the 
progeny of the plants in which these aberrations were studied. Only 
quantitative characters were used in the studies as no differential 
qualitative characters were found. 

The only plant character obtained in Marquillo plants examined 
cytologically was percentage of fruitfulness. The correlations of 
fruitfulness with micronuclei, nonorientation, and nonconjunction 
were +0.19, +0.22, and —0.06, respectively. These results are not 
statistically significant. 

Table 9 gives the simple, partial, and multiple correlations for 
Marquis. Statistically none of the correlations are significant, but 
it is worthy of ;iotc that of the 12 simple coefficients of correlation 
calculated all but two are negative and these two are very low, being 
+ 0.06 and +0.10. The highest correlations were obtained between 
the cytologic aberrations and weight of seed, and in every case they 
were negative. These results indicate that there may be some corre- 
lation between cytologic aberrations and the characters of the plant 
in which they occur. 

Table 9. — Coeffidenta of correlation between percentage frequencies of different 
aberrations found occurring during microsporogenesis of Marquis and statistical 
measures of characters of this variety " 


! 

Simple 


Partial 


Number of spikes jier plaot (fi). 
WeiRht of seed per plant (6).... 
Height of plants (7) 


Fruitfulness of outside florets (8). 


r6I-0 

.22 

r52- 

,06 

r63+ 

,06 


,37 

rOl- 

,23 

r62- 

.12 

r63- 

,14 


.26 

r71- 

.16 

r72+ 

10 

r73- 

14 


34 

r8i- 

16 

r82- 

26 

r88- 

04 

As.iss 

26 


r61.23-0.36 
r52.l3+ .29 
r63. 12+ . 11 


r61.23- .20 
r62.13+ .06 
r63.12- .10 


r71.23- .29 
r72.13+ .29 
r78. 12- . 12 


r81.23+ .03 
r82.13- .20 
r83.12- .02 


« Key to numbers: l»micronuclei; 2«nonQrleDtBtt(m; 8*>noDconlunctioD. N>*>24. Levels of signifi- 
canoe: According to Fisher's (2) tables for the value of the correlation coefficient for dilTerent levds of 
slgnlflcanoe an N of 20 and an r of 0.42 gives a P value of 0.06. 
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Progeny of Marquillo plants studied cytologically in 1929 were grown 
in 1930, and statistical measures were taken of percentage of plants 
emerged based upon number of seeds planted, percentage of plants 
matured based upon number of seeds planted, number of spikes per 
plant, weight of seed per plant, height of individual plants, and 
fruitfulness of outside florets of noncovered spikes. Coefiicients of 
variability were calculated for these last four characters and then 
correlated with the percentage frequency of the different cytologic 
aberrations found in the parents grown in 1929. 

The results of the studies on the coefficients of correlation between 
jien^entago frequencies of different aberrations found occurring dur- 
ing inicrosporogeriesis of Marquillo and coefficients of variability of 
characters of the progeny are given in Table 10. Neither micronu- 
clei, nonorientation, nor nonconj unction showed significant simple or 
jjartial correlations with the coefficient of variability of number of 
spikes per plant. Micronuclei with the coefficient of variability of 
weight of seed per plant gave a coefficient of correlation of +0.51, 
with nonconjunction a correlation of +0.45, and with nonorienta- 
tion a correlation of +0.33. The first two are higher than +0.42, 
which is taken as the level of significance, and the latter lacks only 
+ 0.09 of Ix'ing significant. Micronuclei and nonorientation gave 
significant correlations with both the coefficient of variability of height 
of plant and fruitfulness, being I 0.47 and •\ 0.53, respectively, 
in the former correlation and +0.61 and +0.49 in the latter. Non- 
conjunction with the coefficient of variability of these two characters 
gave correlations of +0.11 and 1 0.27, re^spectively. None of the 
partial correlations were statistically significant according to the 
standards set up, but all of the 12 were positive with the e.xception 
of the correlation betwrecn the coefficient of variability of number 
of spikes per plant and micronuclei. All of the multiple correlations 
were significant wdth the exception of number of spikes per plant 
correlated with micronuclei, nonorientation, and nonconjunction. 
These results rather definitely show that there is a positive relation- 
ship between cytologic aberrations and the coefficients of variability 
of the three plant characters, weight of seed, height of plants, and 
fruitfulness. Micronuclei and nonconjunction are more highly 
correlated with the coefficients of variability of weight of seed per 
plant than is nonorientation, and micronuclei and nonorientation 
are more highly correlated witli the coefficients of variability of height 
of plants and fruitfulness than is nonconjunction. These results 
indicate that the micronuclei, nonorientation, and nonconjunction 
are causing variability in the tiiree plant characters mentioned above 
or else arc associated with some factor or factors causing variability. 
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Table 10. — Coefficients of correlation between percentage frequencies of different 
aberrations found occurring during microsporogenesis of plants of Marquiuo and 
coefficients of variability of characters of progeny of these plants “ 

(Characters 


Number of spikes per plant (5) 


Weight of seed i)er plant (6) 


Height of plants (7) 


Fruitfulness of outside florets of nonc^vered spikes (8) 


* Key to numbers: 1* micronuclei; 2*>nonorieDtation; 3anoncunJunction. N®*23. Levels of signifi- 
cance: According to Fisher’s {H) tables for the values of the correlation coefllcient for tlilTerent levels of 
significance an N of 20 and an r of 0.42 gives a P value of O.Ofi. 

Table 11 gives the coefficients of correlation between percentage 
frequencies of different aberrations occurring during microsporogenesis 
of plants of Marquillo and values of statistical measurements of 
characters of their progeny. The aberrations used in the studies >vere 
micronuclei, nonorientation, and nonconjunction, and tlie characters 
were average number of spikes per plant, average weight of seed per 
plant, average percentage of fruitfulness, percentage emergence based 
upon number of seeds planted, and percentage matured based upon 
the number of seeds planted. None of the correlations with average 
number of spikes per plant were significant. Only four statistically 
significant simple correlations were obtained. Micronuclei and non- 
orientation gave a 0.48 and — 0.42, respectively, with percentage of 
fruitfulness; and nonconjunction gave correlations of —0.45 and 

— 0.46, respectively, with percentage emerged and percentage 
matured. The only two significant partial correlations of —0.51 and 

— 0.50 were obtained between percentage matured and nonconjunc- 
tion, holding micronuclei and nonorientation constant, and percentage 
matured and nonconjunction, holding the same two variables as 
before constant. None of the multiple correlations in which the plant 
character was correlated with the three clii*omosomal aberrations was 
.statistically significant. None of the simple correlations between 
average weight of seed per plant and any of the (cytologic abnormalities 
was statistically significant, nor were the simple correlations statisti- 
cally significant between average height of plants and any of the 
cytologic aberrations, micronuclei, nonorientation, or nonconjunction. 
However, that a true correlation might exist between these two plant 
characters and chromosomal aberrations seems evident from the fact 
that the correlations obtained were negative in all cases. 


simple Partial 


rfil~0.37 r61.23-0.33 

nW- .24 r62.18+.02 

r63+ .02 r53.12+.17 

/?«.is8 .40 

rOl-f .51 r61.23-H .32 

rfl24- .33 r62.13+.01 

re3+ .45 r63.12+.35 

He.m .W 

r71-f .47 r71.234-.15 

r724 .63 r72.13+.32 

r734.11 r73. 124.01 

/? 7.123 . 66 

r8l4 .61 r81.234.38 

r824 .49 r82.134.13 

r83+ . 27 r83. 12+ . 12 

Ji».m .62 — 
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Table 11 . — Coefficienht of correlation belv)een jxircentage frequencies of different 
aberrations found occurring during microsporogeriesis of plants of Marquillo and 
characters of these plants ® 

riiaracters 


Average number spikes per plant (5) 


Average weight of seed i)er plant (fi). 


Average height of plants (7) 


Percentage fruitfulness of outside florets of noncovered spikes (8). 


Percentage emergence based upon number of seeds planted (9) - - 


Percentage matured based upon number of seeds planted (X) 


“ Key to numbers: i“inicronuclei: 2 * nonorientation: a^noncnnjunction. N— 23. Levels of signifi- 
cance: According to Fischer’s (£) tallies for the values of the correlation coefficient for ditTerent levels of 
significance an N of 20 and an r of 0.42 gives a P value of 0.05. 

In summarizing it may be said that some one, or in some cases 
maybe all, of the cytologic abnormalities are negatively correlated 
with the plant characters studied except the plant character average 
number of spikes per plant. Micronuclei, nonorientation, and non- 
conjunction seem to be negatively associated with average weight of 
seed per plant, average height of plants, and percentage of fruitful- 
ness; and probably nonconjunction alone is negatively associated 
with percentage emergence and percentage matured. 

PERCENTAGE OF NATURAL CROSSING IN MARQUILLO 

It is of interest to determine the amount of natural crossing in 
Marquillo, since Hollingshead (7) has found a high percentage of 
nonconjunction in some Fi hybrids, especially when Garnet and 
Marquillo were the parents. That natural crossing in Marquillo is 
probably frequent has been well recognized by workers at the Min- 
nesota Agricultural Experiment Station. Goulden and Neatby (3) 
found this to be true, and in addition thev found that the amount 
of natural crossing varied between lines and between different years. 
Hayes (i5) and Hayes and Garber (€) report natural crossing in wheat 
to varjr from 2 to 3 per cent at University Farm, St. Paul, Minn. 

It will be remembered from the discussion imder Materials and 
Methods that seeds from both covered and noncovered heads were 
tested for susceptibility to black stem rust, form 21. Figure 1 shows 
the difference in susceptibility among plants. The six leaves at A 
are from plants grown from seed of covered spikes and show different 
degrees of resistance. The nine leaves at B were grown from seed 
of noncovered spikes, the first six on the left showing variation in 
decrees of resistance and the last three on the left showing suscepti- 
bility. Once they had become mixed, it would be impossible to 
isolate these from the susceptible leaves taken from plants of Ceres 
shown at C. Then, as this picture shows, it was very easy to separate 
the susceptible and resistant plants. 


Simple 1 

Partial 

r5t-fl 

L Ifi 

r61. 23-0 

.07 

r52- 

.05 

r52. 13-f 

.04 

rSS- 

.34 

r63. 12- 

.31 

Ri.m 

.35 



rOl- 

.38 

r61. 23- 

.35 

r62- 

.11 

r62. 13-f- 

.20 

rlW- 

.34 

rfi3. 12- 

.'£i 

-Ao.rjs 

.48 



r71- 

.19 

r71. 2.3-1- 

. 11 

r72~ 

.25 

r72. 13- 

.24 

r73~ 

.38 

r7.3. 12- 

.38 


.45 



r81- 

.48 

r81. 23- 

.20 

r82- 

.42 

r82. 13- 

. 18 

r83- 

.35 

1 r83. 12- 

.26 

R%.m 

.54 



rlll-f 

.02 

1 r91. 23-1- 

.31 

r92~ 

.09 1 

r92. 13- 

.25 

r93- 

.45 1 

! r93. 12- 

.51 

Ru.m 

.51 



tXI + 

.04 

1 rX 1.23-1- 

.20 

rX2-f 

.a5 

rX2. 13- 

.06 

rX3- 

.46 

rX3.12- 

.50 

Rx.m 

.50 
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The results obtained are reported in Table 12. Plants grown from 
seed of covered spikes varied in percentage of susceptible plants from 
0 to 1 .2, depending upon the line; while the d.ifferent lines grown from 
seed of noncovered spikes varied in susceptibility from 0 to 9.8 per 
cent and had an average of 3.6 ±0.50 per cent of susceptible plants. 
The lines grown from seed of covered spikes showed an average of 
0.4 ±0.11 per cent of susceptible plants, and all the plants of Ceres 
grown as checks proved to be susceptible. The chances of the dif- 
ference of 3.2 ±0.51 per cent between covered and noncovered seed 
beiM due to the probable errors of random sampling are very small. 
Grifiee and Hayes (4) have pointed out that the percentage of plants 
showing evidence of crossing shoidd be doubled in order to obtain 
a true measure of the amount of natuj*al crossing that takes place. 
On this basis, if the percentage of susceptible plants can be used as 



Fkiure 1.— -Reaction of seedlings of Marquillo, Ceres, and natural hybrids between these two 
varieties to black stem rust, form 21: A, I^eaves of soedlIng.s grown from seed of covered spikes 
of Marquillo; B, leaves of seedlings grown frona seed of noncovered spikes of Morquillo, the three 
at the right being natural hybrids; 0, leaves of seedlings grown from seeds of (^eres 

a measure of natural crossing, the amount occurring in Marquillo 
would be 7.2 per cent. 


Table 12 . — Percentage of ensceptihle seedlings in different lines of Marquillo 


Culture No. 

Plants 

Seedlings from covered 
spikes 

Seedlings from noncovered 
spikes 

Total 

Su8(»ptible 

Total 

Susceptible 


Number 

Number 

Number 

Per cent 

Number 

Number 

Per cent 

407-12-20 

19 

127 

0 

0 

214 

21 

0.8 


14 

114 

1 

0.9 

160 

10 

6.9 

407-3-417 1 

24 

243 

3 

1.2 

371 

16 

4.6 

813-64 1 

21 

148 

0 

0 

246 

8 

3.3 

407-17-12 

13 

104 

0 

0 

161 

4 

2.6 

410-56 

14 

164 

1 

.6 

212 

3 

1.4 

407-10-13 

13 

123 

0 

0 

176 

2 

1.1 

371-6 

12 

126 

1 

.8 

144 

0 

0 

Average 




«0. 4:i:0. 11 



*>3.6db0.60 









« Difference between those two is 3.2^.61. 
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DISCUSSION 

The question whether the desirable qualities of the emmer group 
of wheats can be combined with those of the vuLgare group into a 
gerniinally stable variety is higUy important to anyone endeavoring 
to improve this crop. Marquillo, Marquis, and Minnesota 2303 
were used in the investigation of this problem. Marquillo was 
produced from a cross of Marquis with a highly rust-resistant variety 
of durum called lumillo, and it combined the stem-rust resistance of 
the durum parentis with desirable characters of the vulgare parent. 
However, under field conditions it proved to be more variable in 
agronomic; characters than Marquis or other common wheat varieties 
and yielded a flour wdiich produced bread of somewhat inferior color 
but satisfactory in every other particular. Marquis is grown more 
widely in the hard red spring wheat areas of the United States and 
Canada than any other variety. It is an excellent milling and baking 
wheat, in general possesses desirable agronomic characters, and pro- 
duces fair yields exciept when damaged by black stem rust. Mar- 
(piillo in the field is resistant to black stem rust and therefore repre- 
sents a distinct step forward in combining the desirable characters 
of the durum and inilgare wheats into a single variety. Realizing 
the desirability of continuing beyond the progress already made, 
investigators at the University of Minnesota, cooperating with the 
Division of Cereal Crops and Diseases of the United States Depart- 
ment of Agriculture, crossed a sister selection of Marquillo with 
Kanred X Marquis selections which excelled in agronomic characters. 
From this cross w as derived Minnesota 2303, which experiments to 
date have shown to be fully equal to Marquis in milling and baking 
qualities, including color of bread produced from the flour; superior 
in yielding ability; fully equal in other agronomic characters; and 
in addition to possess resistance to black stem rust. Minnesota 
2303 combines the desirable characters of the durum and mlgare 
wheat groups. Since Marquillo exhibited more variability of agro- 
nomic characters than other common varieties, and Minnesota 2303 
gives promise of becoming a highly desirable economic variety, it 
seemed advisable to determine their" germinal stability in comparison 
with Marquis as evidenced by <ytologic studies. 

Minnesota 2303 was included in the studies on the frequency of 
the occurrence of micronuclei only. The results reported in this 
paper show that Minnesota 2303 in respect to the chromosomal 
aberration is no more unstable germinally than Marquis. Later 
unpublished work including nonorientation and nonconjunction con- 
firmed this conclusion based upon a study of the occurrence of micro- 
nuclei. Even though Marquillo was found to be more unstable 
germindly than Marquis and this instability was shown to be associ- 
ated with agronomic variability, the data obtained from studies 
with Minnesota 2303 prove that the desirable characters of the 
durum and common wheat groups can be combined in a germinally 
stable variety. 

The fact that germinal instability is associated wdth variability 
of agronomic characters makes it important to detennine whether 
this phenomenon is due to natural crossing which would produce 
variability and the correlations noted. This does not seem probable 
as the 7.2 per cent of natural crossing found in Marquillo would 
produce only approximately 2 hybrid plants among the 23 whose 
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progeny were grown for the purpose of correlating cytologic aberra- 
tions found in the parents with variability and average values of 
agronomic characters of the progeny. That none of these 23 plants 
were hybrids was indicated by the fact that it was impossible to 
find them segregating for any qualitative characters. Even if two 
hybrid lines, the number expected due to natural crossing, were 
present among the 23 lines studied it is evident that they could 
hardly have been responsible for the correlations previously reported. 
Moreover, it does not seem that natural crossing can explain all of 
the variations in percentage of chromosomal aberrations found 
occurring among the different plants of Marquillo and Marquis, 
for if natural crossing were instrumental in causmg high frequencies 
of aberrations, these different aberrations should be positively 
correlated. Nonorientation did not show a significant correlation 
with either nonconj unction or predisjunction. Therefore, it seems 
that natural crossing is not responsible for the germinal instability 
found in Marquillo and consequently it may be concluded that 
germinal instability is directly responsible for at least some of the 
variability within agronomic characters of this variety. 

These data emphasize the importance of cytology as an aid to 
plant breeding. More work needs to be done before the exact im- 
portance of the different chromosomal aberrations can be definitely 
determined. However, the data available are strongly indicative of 
the importance of chromosomal aberrations in producing certain 
phenomena pertinent to the problems which arise in any crop ini^ 
provement program and consequentljr these phenomena should be 
given consideration. A statistically significant negative correlation 
was obtained between chromosomal aberrations and percentage 
fruitfulness, indicating that these aberrations may be causing sterility 
in some of the-florets. Leighty and Taylor {12) and Goulden and 
Neatby (5) point out that natural crossing seems to be associated 
with sterility. If such is the case, it seems that chromosomal aber- 
rations may be the indirect cause of the large percentage of natural 
crossing that Leighty and Taylor {12)^ reported for some varieties. 
Also, variations due to cytologic anomalies may be expected to behave 
similarly to environmental variations, and it is doubtful whether 
they could be eliminated by selection. For example, it was impossible 
to identify the 41-chromosome plants on the basis of agronomic 
characters. 

SUMMARY 

Thirty-two plants of Marquillo, 27 plants of Marmiis, and 30 
plants of Minnesota 2303 were studied cytologically. However, the 
latter variety was included only in the studies on the percentage of 
microspores showing micronuclei. The use of certain terms is ex- 
plained. Nonorientation of bivalents has been applied to the occur- 
rence of a bivalent or bivdents off the equatorial plane just prior to 
the disjunction of the main group of bivalents during metaphase of 
sporogenesis. (PI. 1 , C and D . ) N onconj unction is used to signify the 
occurrence of a univalent or univalent chromosomes during metaphase 
of the reductional division, when presumably the homologous mates 
af this univalent or these univalent chromosomes are present. (PI. 3, 
A.) Polyvalence has been employed to designate the union of three or 
more chiomosomes during the metaphase of the reductional division. 
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(Pis. 2, A, and 3, F.) Predisjunction is used to denote the disjunction 
of a bivalent or bivalents in advance of the main group of conjugated 
chromosomes during metaphase of the reductional division. (PI. 
3, E.) 

Two of the 32 plants of Marquillo were found to have 41 somatic 
chromosomes, those remaining having the normal number of 42; and 
all of the plants of Marquis and Minnesota 2303 possessed the normal 
chromosome number. 

Two and eight-tenths per cent of the microspores of Marquillo 
revealed micronuclei, while 0.8 per cent each of Marquis and Minne- 
sota 2303 showed similar aberrations. 

Extrusion of karyotin as shown in Plate 1, A, was found in 2.8 per 
cent of the very young microsporocytes of Marquillo, (uilture 407- 
15-17. 

Nonorientation of bivalents was found to occur in 10.8 ±0.68 per 
cent of the cells of the young microsporocytes of Marquillo and in 
6.9 ±0.49 per cent of those of Marquis. 

Nonconjunction was exhibited in the metaphase of the first division 
by 6.1 ±0.44 per cent of the Marquillo microsporocytes and in 
7.7 ± 0.93 of those of Marquis. 

In Marquillo on an average 1.4 per cent of the cells examined 
showed polyvalence, whereas 0.4 per cent of the pollen mother cells 
of Marquis were found to show this condition. 

It does not seem that the amount of polyvalence exhibited by either 
Marqiiillo or Marquis is sufficient to account for 59.3 and 80.1 per 
cent, respectively, of cases of nonconjunction, which is the amount 
that could not be accounted for by failure of homologous chromo- 
somes to pair. 

The microsporocytes of Marquillo showed 6.3 ±0.69 per cent of 
predisjunction and those of Marquis 2.8 ±0.31 per cent. 

Probably both nonorientation of bivalents and nonconjunction 
give rise to micronuclei found in the microspores, but it is doubtful 
whether predisjunction causes this phenomenon. 

Microsporocytes showing fragments of chromosomes were found in 
both Marquillo and Marquis. 

The progeny of culture 407-17-13 were grown for further cytological 
studies bec^ause of the high percentage of abnormalities exhibited 
by tliis plant. One of the progeny was found to possess 41 somatic 
ciiromosomes. In another progeny of this plant was found an anther 
in which the two pollen sacs studies exhibited differences in the per- 
centage of microspores possessing micronuclei. In the upper pollen 
sac 22.3 ±2.02 per cent of the microspores possessed micronuclei, 
whereas only 1.6 ±0.64 per cent of the microspores counted in the 
lower pollen sac exhibited this condition. 

The progeny of culture 407-12-24 were grown because the per- 
centage of chromosomal aberrations exliibited by this plant was low. 
All the progeny were found to have 42 somatic chromosomes and the 
percentage of abnormalities was again low. 

The progeny of culture 407-12-3 were grown because this plant 

S jsed only 41 somatic chromosomes. One of the progeny was 
to have 19 bivalents plus 2 univalents, whereas the other 6 
possessed 41 somatic chromosomes. 

An average of 23,4 ±0.24 per cent of the microspqres of the 41- 
chromosome plants showed micronuclei. On the basis of the num- 

126056—32 3 



830 


Jourml of AgricvUural Research 


Vol. 44, No. 11 


her of microspores showing micronuclei the expected ratio of 20:21 
chromosome gametes was found to be 74:26. Nishiyama {H) by 
using the back-cross method determined the expected ratio of 20:21 
cliromosome gametes to be 73:27. 

The results obtained with these 42-cliromosome plants strongly 
indicate that in somewhat more than 50 per cent of the microsporo- 
cytes in the anaphase of the first division the univalent chromosome 
went to the poles without dividing. The chromosomes resulting 
from those cases in which the univalent divided, did not divide in the 
second division but lagged and eventually formed the micronuclei 
occurring in the tetrads. 

By determining the percentage of microspores showing micronuclei 
and making the necessary calculations, the frequency of plants having 
abnormal chromosome numbers may be predicted for any variety. 

The coefficients of correlation calculated between percentage fre- 
quencies of different aberrations indicate that micronuclei are asso- 
ciated with both nonorientation of bivalents and nonconjunction, 
but that no correlation exists between nonorientation and non- 
conjunction. 

The coefficients of variability of the characters of the progeny of 
the Marquillo plants studied cytologically were calculated and then 
correlated with percentage freq[uency of the different chromosomal 
abeiTations. Statistically significant positive simple correlations 
were found between the coefficient of variability of weight of seed 
per plant and inicronuclei as well as nonconjunction; coefficient of 
variability of height of plants and mi<*.ronuclei as well as nonorienta- 
tion of bivalents; and coefficient of variability of fruitfulness and 
micronuclei as well as nonorientation of bivalents. 

Likewise, the average values of the characters of the progeny of the 
Marquillo plants studied cytologically were calculated and then corre- 
lated with percentage frequency of the different cluromosomal aber- 
rations. Statistically significant negative correlations were ob- 
tained between percentage fruitfulness and micronuclei as well as 
nonorientation of bivalents ; between percentage emergence and non- 
conjunction; and between percentage of seeds which produced 
mature plants and nonconjunction. 

The percentage of natural crossing in Marquillo was found to be 
7.2, which is higher than has been generally found for other varieties 
at the Minnesota station. 

Marquillo was found to possess greater germinal instability than 
Marqms, but Minnesota 2303 was round to be the equal of Marquis 
in germinal stability, thus proving that the desirable qualities of the 
durum and vvlgare wheats can be combined into a single germinally 
stable variety. 

The germinal instability of Marquillo was found to be associated 
with the greater variability of agronomic characters possessed by this 
variety. 

The data indicate that germinal instability is responsible for the 
high per^ntage of natural crossing found in Marquillo. 

Variations due to germinal instahility of varieties can be distin- 
guished from environmental variations only by combined cytologic 
and genetic studies. 
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SOME EFFECTS OF ROOT ROT ON THE PHYSIOLOGY 

OF PEAS* 


By J. G. Horsfall, Associate in Research ^ Botany ^ Z. I. Kektksz, Associate in 
Research^ Chemistry, and E. L. Gkepin, formerly Associate in Research, Chemis- 
try, New York {Geneva) State Agricultural Experiment Station 

INTRODUCTION 

The disease complex known as root rot of peas {Pisum saiimim L.) 
is a disturbing element in the production of the high quality in peas 
necessary for a Fancy canned or market product, (^anners^ field 
men have long known that in a pea field spotted with yellow-root-rot- 
affccted areas it is difficult to determine the time to harvest the crop 
for maximum quality. The yellowed plants pass more rapidly up to 
and beyond the canning stage than the more nearly normal plants in 
the same field. If the field is harvested when the peas on the diseased 
vines reach the canning stage, a considerable yield increment that 
would come from the more slowly developing healthy vines is sacri- 
ficed. If, on the other hand, harvest is delayed for the yield incre- 
ment from the healthy vines, the uniformity and quality of the pea 
pack are reduced. 

Root rot occurs in scattered spots over a field of peas. The below- 
ground parts of affected plants turn dark, die, and rot; and the leaves 
become yellow and die progressively from the bottom of the plant 
upward. The entire diseased plant from the lowest leaf to the tip 
of the stem, including the pods, is a lighter shade of green than a 
healthy plant. Diseased plants set fewer pods and fewer peas per 
pod than healthy plants, and thus the yield is reduced. The symptom 
most significant to this study, however, is that the peas on diseased 
vines reach and pass the canning stage more quickly than those on 
healthy vines. In this way hard peas sometimes find their way into 
the pack. 

The term '‘root rot” is used in this paper to denote a symptom 
complex. It describes most aptly the morbid condition of the pea 
plant when its below-ground parts are infected with pathogenic 
microorganisms. Several such organisms are known to occur in the 
soil on the canning crops farm of the New York State Agricultural 
Experiment Station at Cieneva, N. Y., where most of the pea samples 
for these tests were obtained. The disease under investigation can 
not be ascribed with certainty to any single organism. The most 
important of the root-rotting fungi present jtirc, Pyihium spp., Apha~ 
nomyces euleichesy Drechs,, Fmarium mariii pui, F. R. Jones and 
other species of Fusarium. Ascochyia pinodmay L. K. Jones, My- 
cosphaereUa pinodes (Berk, and Blox.) Stone, Rhizodonia solan! 
Kimn, and species of bacteria and nematodes are also found sometimes 
in the roots, epicotyls, or hypocotyls of the diseased plants. 

1 Received for publication Dec. 8, 1031; issued June, 1U32. 
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OBJECT OF THE INVESTIGATION 

This paper reports a study made during the 1931 season of some of 
the internal chemical changes that took place in the ovules of pea 
plants affected with root rot. The investigation was designed 
primarily as a study of the aberrations in ripening and quality of 
canning peas that result from root rot. It is an established fact that 
pea root rot affects the production of canning and market garden 
peas, but so far as the writers are aware, this is the first attempt to 
evaluate the effect of root rot on the ripening and quality of peas. 
The significance of the maturity index of Boswell {lY and of the 
quality index proposed by Sayre, Willaman, and Kertesz {10) was 
examined with reference to root-rot-affected peas. 

LITERATURE REVIEW 

The literature of plant pathology includes few references to the 
intenial chemical changes that occur in plants as a result of disease. 
The results obtained by Shutt {12) and, independently, by Snyder 
{lS)i when reduced to a dry-matter basis, show that the grain of 
rusted wheat plants is higher in ash, crude fiber, and protein than the 
grain of healthy plants. Shutt concluded that “the growth of the 
rust arrests development and induces premature ripening, which 
♦ * * means a straw in which still remains the elaborated food, 

and a grain small, immature, rich in protein, and deficient in starch.*' 
Stoa 0-4) calculated his results on a basis of 13.5 per cent moisture, 
and concluded that the percentage of protein and ash decreases in the 
maturing grains of nisted wheat. Headden (5) agreed with Shutt 
and Snyder that the percentage of crude fiber is increased by wheat 
rust, but disagreed in that he found a decrease in percentage of protein. 

Dungan (5) inoculated corn in alternate hills at planting time with 
various root-rotting fungi, and then analyzed the grain at harvest 
time. He found a decrease in specific gravity from 1.181 in the 
uninoculated plants to 1.154 in the inoculated. Furthermore, the 
inoculated plants were significantly different from the uninoculated 
in that they contained more nitrogen but less ether extract and total 
sugar. These differences were shown to be statistically significant. 

The water relations of diseased plants are somewhat better known 
than the chemical ones. Weiss {16) found that the so-called water 
requirement of wheat plants infected with rust is higher than that 
of healthy plants. Kursanov (7) found a greater transpiration of 
wheat plants infected with Ustilago triticiy the ratio being 1 : 1.2. Lin- 
ford {8) determined that peas affected with the wilt disease caused by 
Fusarium orthoceras var. pisi have a higher percentage of dry matter 
than the healthy peas. Horsfall {6) showed that the stunting of 
clover plants affected with powdery mildew was probably due to the 
fact that the protoplasm of the diseased plants was functioning under 
drier conditions than that of healthy plants. Shapovalov and Jones 
(ii), working with artificially inoculated plants, confirmed field data 
obtained by Rosa {9) showing that tomato plants affected with yellows 
were higher in dry matter than healthy plants. 


> Keference is made by number (italic) to literature Cited, p. S48. 
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MATERIALS AND METHODS 

Pea samples for this study were obtained from five fields spotted 
with root rot. In each field two areas of 10 to 20 square yards each 
were selected, one in a spot showing the well-known symptoms of 
root rot and the other in an adjacent spot where nearly disease-free 
plants were growing. A sample weighing approximately 3 kg was 
removed between 7 and 8 a. m. from each of these areas at various 
intervals, as shown in the tables. An attempt was made to get the 
control samples from normal-looking plants free from discoloration, 
although it must be stated that, as a rule, a small amount of root 
infection could be detected all over the field. Since the control 
sample consisted of disease-free or nearly disease-free plants, it is 
hereafter called normal. 

An effort was made to trace the development of comparable peas 
during the canning season. Since, obviously, the same individuals 
could not be tested on more than one day, it was necessary to try to 
get comparable sections from the diseased and normal pea popula- 
tions. This was done by using large numbers of vines (3 kg) and by 
harvesting these from contiguous areas as the season advanced. 

The whole plants were always pulled, being broken at the ground 
line, and brought to the laboratory, where the pods were removed 
and shelled by hand. All samples and all determinations on the 
fresh peas themselves were finished within one hour after harvesting. 

As soon as the sample could be shelled, it was passed through a set 
of hand sieves which separated it into the usual sizes 1~6, the diameters 
of which are given by Sayre, Willaman, and Kertesz (10). The 
total weight of peas in grams and the weight in each size were then 
determined. Also the total weight of vines and pods was found. 
From each size, where possible, quadruplicate lots of 20 unbroken 
peas were taken for the crushing test. The load necessary to crush 
each of these four lots was then determined by using Greenes (4) 
modification of the crushing tester proposed by Sayre, Willaman, ami 
Kertesz (10). 

From these experimental data the several factors as shown in 
the tables were calculated. The average cnishing load for the 
four lots of any one size was reduced to kilograms per pea. The 
quality index, here called 01, was calculated by adding for all sieve 
sizes, except size 1, the products obtained by multiplying the average 
crushing load of each size by the percentage of peas in that size. 
BoswelPs number (1) or maturity index, here called MI, was cal- 
culated as he suggested by adding the products obtained by multi- 
plying the percentage of peas by weight in each size by the size 
number. The data in the column in the tables headed ‘‘Yield of 
fresh peas per 100 g of vines” were obtained from the respective 
weights of the peas and the vines in any one sample. 

For the determination of the dry matter of the peas 25 g or 50 g 
samples were used. These samples were dried at 100° C. for tw’^o 
days, after which several controls failed to show a further decrease 
in weight. These dried samples were used later for determining 
the ash, nitrogen, and crude fiber by the ofiBcial methods. 
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PRESENTATION OF RESULTS 

MATURITY AND QUAUTY OP NORMAL AND ROOT-ROT-AFFECTED PEAS 
Alaska Peas 

Samples were obtained from a 1.5-acre field of Alaska peas planted 
on April 21, 1931, on the canning crops farm of the State experiment 
station.® The root rot occurred on the edge of the field only, in a 
strip 4 to 5 feet wide. On account of dry weather the peas ripened 
quickly but gave a good yield of Fancy grade peas. Samples were 
taken from the normal and from the root-rot-affected areas on June 
22, 24, and 26. On June 28 one further sample was taken from the 
normal peas. The results obtained from this series are presented 
in Table 1 . 


Table 1. — Comparison of Alaska peas from normal and from rooi-rot-affedid 
vines on different dates 
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*• Quality index. Maturity index. 


It is apparent that the peas increased in size very rapidly. On 
June 24 no peas of size 4 were found in the normal part of the field; 
but on June 26, 8.8 per cent and on June 28, 37 per cent of the peas 
harvested were size 4 or larger. TVhile the normal peas hardened 
rather slowly, those affected with root rot ripened quickly. They 
attained a given size much earlier than the normal peas, but they did 
not enlaree much further. This fact is shown by the changes in the 
MI and QI values of these samples. In the case of the normal peas 
there is a steady increase in both values. In the peas from the affected 
area the MI value (representing enlargement) increased only from 258 
to 262 after the second sample was taken. In spite of this fact the QI 
value increased ^nsiderably, showing the rapid hardening of the peas. 
There was no rainfall between June 22 and June 28. The dry-matter 
content of the normal plants and peas increased slowly, but that of 
the root-rot-affected plants and peas increased rapidly. During 
this interval of time there was no significant increase in the root-rot- 

> For these samples and for the Perfection pea samples discussed later the writers are indebted to the 
veietable crops division. 
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affected samples in yield in grams of fresh peas per 100 g of fresh vines, 
whereas in the normal samples the weight of fresh peas on this basis 
did increase. 

Two other samples of Alaska peas, one from a commercial field, were 
obtained. These showed similar differences between normal and 
root-rot-affected peas. Since both of these samples were taken only 
on one day each, they do not by themselves give a true picture of the 
growth and ripening of the peas. In all these samples the root-rot- 
affected peas always required a higher crushing load and had a 
higher dry-matter content than the corresponding sample of normal 
peas of the same size. 

Advancer Peas 

The samples of Advancer peas came from a commercial field near 
Hall, N. Y., on *June 30, July 3, and July 6. The field was harvested 
for Fancy peas on July 3. The results obtained are given in Table 2. 

Table 2. — Comparison of Advancer peas from normal and from rooUrot -affected 

vines on different dates 


Normal 


K(M)t rot aiTc(;to<l 



i ! 



Dry nuitter i 


Dale of harvest 

Oistri-icrush-l 
butioiii iiiK : 
^^’ofsizesi loud , 

Q1 « 

MI *' 

as percent- 1 
a^e of-— iHize 
. iNo. 


i ' 



Peas i Vines j 



: Per iA’f/ per, 

\ cent i pea 1 




! 



1 , 12.1. 

21 17.2; 1.3« 



i 

' 

1 

2 

June 30 . 

3 r)n.3i 2.4fi 

[ 203 . 2 

274. 2 

IS. 30' 

24. 09 ! 


4! 13. 2i 3.14 

fi; i.Si. . . 'J 


1 


! 

4 


l, 4.51- . ] 


1 



1 


21 0. 3| 1.S2 



17. 42 


0 

July 3 ! 

3i lH.r 2.K7|| 
4! 40.1. 3.15, 

300. 4 

3t0. 1 

IS. 44 
20. 

i 

3 

4 


6i 2«. 51 3. 55: 



21. K9; 

i 

5 


(ii 4. li 3.T7:J 





0 


1 1 1.3,. j ] 

2 1.41 2.04l| 





2 

Jiilyfi.... . 

3! 4.8i 3.H7j 
4 34.0! 4.021 

409.9 

455. 9 

is. SO. 
22.32 

- — ! 

3 

4 


51 49. «; 4. 32, 1 
(1 K.9| 4.34 1 



2fi.72i 


5 




i 

-. . ,j 


f. 


I I 

Distrl- Crush*! 
but ion infr | 
of sizes; load j 


Per iKg per, 
cent J pea , 


25. 2j 

1 77 

4S. 0 

2.74 

22. ]| 

3. 23 : 

5.9' 

2.41 

20. « 

3.04i 

49. 3 

3. 27, 

10. 5| 

1 . 0 !. 

3. 65 

1 . 2 ' . 

1 ' 

0.3 

2.92 

25. O' 

3. Kll 

3S.8' 

3.8K 

23.3 

4. 37 1 

5.4 

4. 52|J 




Dry mailer 



as percent - 

QI • 

MI 

age of— 


■■ 

Peas 

Vinos 

247. 2 

287. 5 

21.43 

34.97 

317. 1 

378. 0| 

• 



22.80 
24 84 



i i 

1 ; 

25. 24 

.. ..J 


! 

400. 7 

392. 5; 

31. ' 30 ; 
30. 10' 



1 

30. 42i 



« Quality iiides. 


Maturity index. 


Koot rot influenced the quality of the Advancer peas in the same 
way as it did that of Alaska peas. Exceedingly hot weather pre- 
vailed during the period of enlargement of these peas, and no rain fell 
during the two weeks previous to July 2. As a result of these condi- 
tions the peas moved toward the canning stage very rapidly, as is 
shown by the remarkable increase in the Ml value for both normal 
and diseased peas. 

Here, again, the MI value of the normal peas continued to increase 
after it had become practically stationaiy in the root-rot-affected 
peas. The samples of July 6 were far below Standard grade peas. 
In all sizes taken on June 30 and July 3, where the two factors were 
deteiTiiined together, the crushing loads and the dry-matter contents 
of the diseased samples were higher than those of the normal samples. 
The results obtained on the lai’ger sizes of the samples taken on 
«Tuly 6 are irregular because the crushing loads obtained at that 
time were veiy near the highest limit of the machine used. 
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In view of the excessive dryness within the peas on the diseased 
vinos, that contributed in part to theii* relative hardness, it seemed 
worth while to see if a part of this was not due to the withdrawal of 
water from the peas by the leaves. Accordingly the writers made use 
of the technic devised hy Chandler (2) to demonstrate that leaves of 
fruit trees can extract water from the fleshy fruits. A dozen vines 
from each of the samples collected June 30 and July 3 were divided 
into two lots of six vines each, the pods being removed from six 
vines and left attached to six. The vines from which the pods were 
removed wilted approximately one hour sooner in each case than did 
those from which the pods were not removed, showing that leaves 
do have the capacity to withdraw water from the peas, thus aggra- 
vating a dry condition induced by a curtailed power of absorption 
through the diseased roots. 

Peupection Peas 

The observations on Perfection peas arc the most complete obtained 
in this study. The peas were planted on April 15 on the canning 
crops farm of the experiment station. About one-third of the field 
was very badly injured by root rot. Because of this disease the yield 
obtained when the crop was harvested for Fancy peas (July 2) was 
much lower than the average yields previously obtained on this farm. 
The peas were in the Fancy grade on July 2, in the Extra Standard 
grade on July 3, and were Standard on July 6. The results obtained 
are presented in Table 3. The data that appear in Figures 1 to 8 
were taken from Table 3. 

Table 3. — Comparison of Perfection peasjrom normal and from root-rot-affected 
vines on diff^ent dates 


Dry matter gg 
as percent- 


f 

loo 3 O 


11 

I 111! 1 

> M Q 


Hoot rot alTected 


as percent- £ S 
age of— u ^ 

— 


enu 

176.20.771 

221.2 .03 23.2 120.4 

3 2. oil. 36 
117.0-... 

2 21.31.68 

3 23.8 2.32 .gn q nnj Q 
427.22.89 

5 0.73.06 

6 1 . 0 -.- 

1 1.7....) 

218.71.08 

3 28. 6 2. 88 mb a mb « 

4 40.33.34 
510.53.30 
6 .2. ...I 

1 3.3 .... 

2 4.51.02 

3 28. 0 2. 07: j||\K Q 7 R n 
441.03.28 
521.83.401 

6 . 5 .... 

1 ,7..., 

2 2.^ 


cent Kg 
(1 50.1 0.041 

1.4 {2 31.0 1.56 1 82.4 167.0 

(3 18.0 2.001 

11 7.7 1 

2 22.2 1.781 

. 3 37.5 2.60 Lq„ 


1 1.7 

2 26.0 2.05 

3 10.2 8.60 , 

4 43.9 3.72 "*31.1 

5 7. 4 3. 76 i 


26. 5 3. 63 a' qn| a 

4 . 5.4 3.44 ^ 46 . 6 . 301.6 



04 0ms 

14 27.51 0.7 

83 

80 

27.0 10.9 
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Fkji’rk 1. -The relation, in normal and diseasi»d Perfection peas, 
b<»tww*n crushing load and sieve si*e of peas as averages for five 
harvest dates, showing that, size for size, the diseasi>d peas are 
harder than the normal. Small figures beside the i)oints show 
dry-matter content 


Figure 1 shows the relation between crushing load and sieve size of 
peas. Each point represents the average (;rushing load of any given 
size irrespective of age. The numbers beside each point represent 
the average dry-matter content. It is clear from these curves, as 
was already well 
known, that the dis- 
eased peas, size for 
size, are harder than 
the normal. I t seems 
sigmfi(‘.ant, howe v e r , 
that the difference in 
crushing load between 
normal and diseased 
peas for any one size 
IS approximately the 
same as that for any 
other size, even though 
the dry-matter con- 
tent varies tremen- 
dously. 

The increase in 
crushing load with age 
of diseased and nor- 
mal peas is show'n in 
Figure 2. The jioints on the curves represent average crushing loads 
for all pea sizes weighted according to the diameter of the size in 
millimeters. From Figure 2 it appears that the crushing load of the 
normal peas increased fairly regularly with age, but the crushing load 
of the root-rot-affected samples vras lower on July 3 than on the 

previous day. This can 
be explained only as 
the result of a heavy 
rain (0.99 inch) that 
fell on the evening of 
July 2. Sayre, Willa- 
man, and Kertesz (/O), 
working only with nor- 
mal Perfection peas, 
found also that a rain 
of 0.56 inch did not re- 
duce the load neces- 
sary to crush them. 
The lowered crushing 
load of the diseased 
peas after the rain 
would, therefore, ap- 
pear significant. 

The increase in dry- 
matter content with 
age of diseased and nor- 
mal peas appears in Figure 3. The points on the curves represent 
average dry-matter content weighted, like the crushing load in Fig- 
ure 2, according to the diameter of the size in millimeter. It 
should be noted that the drop in dry-matter content of the diseased 
peas after the rain of July 2 was much more pronounced than in 



FiauKS 2. — ^Increase in crushing load with age, for normal and 
diseased Perfection peas harvested on different dates. The 
points on the curves repre.sent averages for all pea sizes 
weighted according to the diameter of the size expressed in 
millimeters 



840 


Journal of A^ricuUurol Research 


Vol.44, No. ]l 


that of the normal peas. This drop in the percentage of dry matter 
for diseased peas is undoubtedly related to the decrease in the crush- 
ing load as shown in Figure 2 on the same day. 

In view of the work of Sayre, Willaman, and Kertesz (fO), who 



ut/ir/ ui/hrx 
HAJiy^r£uir£ 


showed that crushing 
load (they called it 
crushing test) bears a 
close relation to dry- 
matter content for nor- 
mal peas, it seemed 
worth while to plot for 
diseased as well as nor- 
mal peas the crushing 
loads from Figure 2 
and the dry-matter con- 
tents from Figure 3 to- 
gether, using a com- 
pound vertical axis 
scaled on the left ac- 
cording to dry matter 
in per cent and on the 


FifiURE 3. — Increttso In dry-mattor content with age, for normal 
and dtacased Perfection peas harvested on different dates. The 

K oints on the curves represent averages for all pea sizes weighted 
ke the crushing load in Figure 2 according to the diameter of the 
size in millimeters. It seems significant that the drop in drv- 
matter content of the diseased i)eas after the rain of July 2 should 
have been so much more pronounced than that of the normal (was 


right according to 
crushing load per pea 
in kilograms. This has 
been d(>ne in Figure 4. 

As was expect-ed, the 


curves for dry-matter content and crushing load follow each other 
fairly regularly, as they should do if they bear a close relation to 
each other. For root- 


rot-affected peas, .how- 
ever, the dry-matter- 
content curve climbs 
relatively more rapidly 
with age than it should 
in relation to the crush- 
ing load. With this 
particular combina- 
tion of vertical scales, 
the crushing-load 
curve for the most 
part remains above 
the dry-matter curve 
for the normal sam- 
ples. The crushing- 
toad curve remains 
altogether below the 
dry-matter curve for 
the root-rot-affected 
samples, however. 
This indicates that the 


^ iW j" • — 




■ 

/i 




jtarj tmrs 

FKiURE 4.— A combination granh in which the crashing load curves 
from Figure 2 are conibmea with the dry>matter curves from 
Figure 3 using a compound vertical axis scieded on the left according 
to dry matter in per cent and on the right according to crushing 
load per pea in kilograms. The dry-matter curve for the diseased 
peas seems to climb more rapidly than it should have in relation to 
crashing load, as shown by the normal peas 


composition or structure of the dry matter of the diseased peas is less 
resistant to crushing than that of the normal peas. 

In Figure 5 the direct relation between dry-matter content and 
crushing load for both diseased and normal peas are shown plotted 
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against each other irrespective of size or age of the samples. Ref- 
erence to the curves in this figure shows, over the range in which they 
are comparable, that the crushing load for the peas of any particular 
percentage of dry matter averaged nearly 1 kg per pea lower for the 
root-rot-affected than for the healthy peas, thus confirming the con- 
clusion drawn from Figure 4 that the structure or composition of the 
dry matter of diseased peas is less resistant to crushing than that of 
normal peas. Figure 5 also shows that the relation between crushing 
load and dry matter became much less distinct in the diseased sam- 
ples when the diy matter was above 25 per cent. Unfortunately, no 
samples from normal peas were available to show what this relation- 
shm might have been when their dry matter was above 25 per cent. 

The increase in the MI values in Table 3 is again very characteristic, 
showing that the increase in size of the diseased peas stopped before 
the normal peas attained their maximum size. The QI values of the 
root-rot-affected samples were always higher than those of the normal 
peas, on any given 
date. The true differ- 
ence is not well ex- 
pressed by these fig- 
ures, however, since 
in the latter part of 
their growth tne nor- 
mal samples showed a 
higher percentage of 
the large sizes than did 
the roo t-ro t-a ffec ted 
samples. 

The yield of fresh 
peas per 1 00 g of fresh 
vines was almost the 
same in the root-j’ot- 
affec,ted samples taken 
on July 1 as in those 
taken on July 2, show- 
ing that the peas did 
not increase in weight at the expense of the vines as they did in the 
case of the normal samples, where this ratio increased materially. 
The dry-matter content of the normal vines increased between July 1 
and July 2 at the usual rate, whereas, in the diseased vines, the per- 
centage of dry matter nearly doubled, showing that the root-rot- 
affected vines were affected "by the drought so that they dried out 
rapidly. Despite this decrease in the water content of the diseased 
plants, they did not wilt appreciably. As a result of a heavy rain 
(0.99 inch) that fell on the evening of July 2 the moisture deficiency 
of the diseased vines was somewhat relieved, as shown by the fact 
that the water content of the peas themselves actually increased. 

On the sample of peas taken July 6, an additional test was made to 
determine whether pea leaves could withdraw water from the pods, 
thus contributing to the dryness of the peas within. This test con- 
firmed the two reported for Advancer peas by showing that the vines 
without pods wilted much more quickly than those from which the 
pods had not been removed. Thus it is evident that the dryness of 



FKH'Rii The relation in normal and clisoasod Perfection peas 
between dry-inatter content and crashing load, Irrespective of sieve 
sir-o or age. The diseased jieas art^ softer than the normal on the 
basis of equal percentages of dry matter 



842 


Journal of AffricuUural Research 


Vol. 44. No. 11 


peas on root-rot-affected plants is partly due to the removal of water 
from them by the leaves, which are unable to obtain from the 
diseased roots all the water that they require for transpiration. 


CHEMICAL CHANGES IN NORMAL AND ROOT-ROT-AFFECTED PEAS 

In order to obtain an insight into the changes taking place in some 
of the constituents of the normal and root-rot-affected peas, the per- 
centages of ash, nitrogen, and crude fiber were determined in several 
of the samples. The results are presented in Tables 4, 5, and 6. 

Table 4. — Comparison of ash content of normal and rool-roUaffected pea samples 
harvested on different dates 


ALASKA VARIETV 



Date of harvest 


Si20 

No. 

Ash from normal 
peas 

Ash from peas with 
root rot 



Wet basis 

Dry basis 

I 

3Vet basis 

Dry basis 

June 26 

1 r 

Per cent 
0.805 
.859 
. 92.3 ! 
. 950 

Per cent 
4.02 
4. 10 
.3.89 
3. 90 

Per cent 

0. 942 
.940 
.9.58 

1. 15.3 

Per cent 
3.89 
.3.22 
3. 12 
.3. 74 


1 J 


ADVANCER VARIETY 


June 20. 



4 

5 


i 

! 



.3. .50 ' 
3. 45 ; 


I 

0. 805 ' .3. 48 

.920 : 3.07 


PERFECTION VARIETY 



2 

0. 827 

4.37 

1 

0. 840 1 

4.02 

Julyl 

3 

.884 

4.47 

. 843 : 

.3.82 

4 

.840 

3.93 

.809 : 

.3.72 


5 

.888 

4.08 

.940 1 

3.97 


2 

.892 

4. 72 

1.28 

4.17 

July 2 

3 

.819 

4.07 

1.23 

4. 12 

4 

.807 

3.78 

1.03 , 

3. 57 



.001 

3.86 




2 

.853 

4. .57 

.. _,i 


July 3 

3 

.844 

4.20 

. 989 j 

3.45 

4 

.880 

4. 10 

.940 

:i45 


5 

.925 

4.19 

. 948 

3.30 


3 

.880 

4. 16 

1.28 

3. 64 

July6 - 

4 

.914 1 

3.92 

1.00 I 

3.23 

5 

.972 1 

i 

i 3.95 

1.12 i 

3.34 


The percentage of ash on a fresh-weight basis was slightly higher 
in the root-rot-affected samples than in the controls. On a dry- 
matter basis, however, the percentage of ash in the diseased samples 
was nearly always lower, except in the Alaska sample, where it was 
practically the same as in the normal peas. Nitrogen also in the 
root-rot-affected peas was lower on a dry-matter basis than in the 
normal peas. No significant differences were observed in the crude- 
fiber content of the dry matter in the samples of Perfection peas. 
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Table 5 . — Comparison of nitrogen content of normal and root-rot-affected pea namples 
harvested on different dates 

ALASKA VARIETY 




MitroRen in normal 

NltroRen in peas 



t>eas 

with root rot 

Date of harvest 








Wet basis j Dry basis 

Wot basis; DrybasLs 





Percent 

! Percent \ 

Percent j 

Per cent 


f 1 

0.91 

\ 5. 24 I 

0.98 1 

4.06 


J 2 

.99 

4. 77 

1.02 1 

3. 51 

June 26 - - - - - 

1 3 

1.08 

! 4. M 

1.09 ; 

3.54 


4 

1.09 

1 4.47 

i 

1.21 

3.92 

A1>VAN(’ER VARIETY 





!f 4 

■ 1.02 

! 4.87 

1.07 

4.29 

June 26 

;{ s 

1 1.03 

1 4.71 

1.12 

4. 44 


PERFE('TION VARIETY 


July 1 


July 2. 


July 3 
lulyfl. - , 


2 

0. 965 

5. 10 

0.972 

4. 66 

3 

.912 

4.61 

1.035 

4.69 

4 

.996 

4. 66 . 

1.076 

4.61 

5 

.998 

4.58 ; 

1.026 

4.34 

2 

.940 

4.97 

1.336 

4.34 

3 

.988 

4.91 

1.339 

4.49 

4 

.982 

4.69 ! 

1.296 

4.40 

5 

1. Ill 

4. 76 , . 



2 

1.020 

6.46 . 



3 

.988 ! 

4.99 1 

1. 191 

4. 15 

4 

1.030 i 

4.98 ' 

1. 195 

4.40 

5 

1.085 

4.91 

1.291 

4.68 

3 

1. 016 

4.77 

1. 6.56 

4.70 

4 

1. 101 

4. 72 

1.451 

4.42 

5 

1 . 181 

4.80 , 

1.627 

4.61 

— — 

- — ! 

_ — i_ 

. 




Table 6. — Comparison of crude fiber contenf of normal and root -rot -affected Perfect 
tion pea samples harvested on different dates 


July 1. 
July 2. 

July 3. 
July 6. 


Date of harvest 



I I 

(’rude fiber in nor- ! Crude fiber in iieas 
mal peas with root rot 

Sir.e 1 


No. 


- 




Wet basis 

Dry basis 

Wet ba.sis 

Dry basis 


Per cent 

Per cent 

Per cent 

Per cent 

2 

1.36 

7.26 

1.54 

7.38 

3 

1.64 

7.81 

1.66 

7.54 

4 

1.72 

8 03 

1.94 

7.79 

6 

1.92 

8 84 

1.82 

7.64 

2 

1 40 

7. 42 

2. 71 

7.88 

3 

1.70 

8 42 

2 41 

8.09 

4 

1 80 

8.41 

2.17 

7.60 

6 

' 1 95 

8.36 



2 

! 1. 39 

7. 44 

1 

3 

! 1.66 

8. 37 

2.32 

8.09 

4 

< 2.00 

9. 36 

2 27 

8.35 

5 

2.05 

9.28 

2. 55 

0.03 

3 

1. 76 

8.24 

3. 18 

9.00 

4 

1 1.94 

8.34 

3 16 

0.69 

5 

j 2. 10 

8.55 

2.93 

8.84 
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DISCUSSION 

Both the arrested powth and the diminished quality of root-rot- 
affected peas seem to be associated with the low water content of the 
diseased plants which are living under physiologically drier condi- 
tions than the normal plants in the same field. There seems to be 
little doubt that the stunting of the infected plants is due to the fact 
that the plants are unable to supply themselves with sufficient water 
to carry on properly the necessary metabolic functions. In the case 
of the stunting of clover affected with powdery mildew (Horsfall (^)), 
the water deficiency associated with the disease probably is induced 
by the excessive transpiration losses through the uncuticularized 
hyphae of the fungus covering the leaf. In the case of root-rot-affected 
peas, the deficiency seems to be due to a curtailment of the power of 
absorption by extensive root destruction. 

The decrease in water content of the root-rot-affected peas mili- 
tating toward a decrease in quality, as measured by the crushing teat, 
may come about in two ways. (1) Unlike the normals, the dis- 
eased roots are unable to supply all the water lost by transpiration, 
especially under drought conditions such as prevailed during the 1931 
harvest season. This of itself is sufficient to increase the rate of 
drying in the peas and thereby lower the quality. (2) The leaves, 
as already shown, have the capacity of offsetting a. part of their own 
water losses by withdrawing from the pods water that they are 
unable to obtain through the diseased roots, thus contributing to tlje 
hardening of the peas within. 

As previously stated, the crushing load and dry-matter content of 
the diseased Perfection peas actually diminished after the rain on the 
evening of July 2, whereas these values did not diminish materially 
for the normal peas. (Figs. 2 and 3.) Apparently, the diseased 
peas absorbed enough water to replace a part of the deficiency, thus 
lowering the crushing load. The healthy peas, on the other hand, 
having no great deficiency, did not absorb enough water to lower tlie 
crushing load appreciably. The loss of water seems to be irreversible, 
or nearly so, in the normal samples, but not altogether irreversible in 
the case of the root-rot-affected samples. 

In Figure 5, where the dry matter of diseased and normal peas is 
plotted against crushing load, irrespective of size or age of the 
samples, an apparently anomalous condition exists. The two factors 
appear to bear the same general relation to each other in both samples, 
as shown by the fact that the relation may be expressed by a line 
approximating a straight line in each case and that each line forms the 
same angle with the axes. Yet the curve for the diseased peas is 
lower for any particular percentage of dry matter by almost a kilo- 
gram per pea than for the healthy samples. A study of Figures 1 to 4 
and the variation from time to time of the crushing loads of the 
various sizes furnished the justification for the plotting of Figure 5 
without regard to size or age. 

It seems significant that in both the Alaska and the Perfection 
sampl^ the yield of fresh peas per 100 g of fresh vines did not increase 
materially beyond a certain stage in the diseased vines as it did in the 
normal. This indicates that the filling material either was not syn- 
thesized or did not move from the stems and leaves into the develop- 
ing ovules of the root-rot-affected plants as freely as it did in the 
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normal plants. This condition was shown hy TTeadden (5) to obtain 
when wheat is severely rusted. This conclusion is supported also by 
the fact that the MI values showed that the diseased peas failed to 
enlarge materiallv during the same period. It appears, then, that the 
peas began to dry out before they received their quota of filling 
material and were thus harder size for size than the normal peas, just 
as shown in Figure 1. 

The question arises, why, if the diseased peas are harder size for 
size than the normal peas, do the curves in Figure 5 show them to he 
softer? Since Figure 5 was drawn to show the relation between dry 
matter and crushing load, the explanation must hinge on some aspect 
of the dry matter. An increase in percentage of dry matter in normal 
peas is associated with a definite increase in volume. (Fig. 6.) In 
the case of diseased peas, on the other hand, an increase in the per- 
centage of dry matter is not attended hy as large an increase in volume 
as in the normal peas. 

The result is that for 
e(]ual percentages of 
dry matter a normal 
pea is larger and 
therefore harder to 
crush than a diseased 
one. For example, in 
Table 3 on July 1, a 
dry-matter content of 
22.07 per cent was 
found in size 3 dis- 
eased peas that 
crushed at 2.09 kg per 
pea. The nearest ap- 
proach to 22 ])er cent 
dry matter in the nor- 
mal peas on that date 
was 21. 7S per cent, 
which occurred in size 
5 peas that crushed, 
not at 2.69, but at 3.06 kg per pea. Assuming that the constitution 
of the dry matter was identical in the normal and diseased peas, 
then the fact that the normal peas of the same percentage of dry 
matter are larger than diseased peas would naturally help to explain 
why it is harder to crush them. 

Size alone, however, is not sufficient to account for the difference in 
the two curves. It is illuminating in this connection to look in 
Table 3 not only for equal dry-matter content irrespective of size on 
the same day but also for equal dry-matter content of the same size 
irrespective of date, since neither date nor size is considered in 
Figure 5. The nearest approach to the 22 per cent dry-matter con- 
tent for size 3 diseased peas on July 1 occurs in the normal peas on 
July 6 where peas containing 21.32 per cent dry matter crush, not at 
2.69 kg, but at 3.08 kg per pea. Since the sizes are known to be 
identical, it follows that the diseased peas containing 22 per cent of 
dry matter were softer than the normal peas containing 21.32 per 
cent. Likewise size 3 diseased peas containing 19.83 per cent dry 
matter crushed at 2.06 kg per pea on June 28, a value matched in the 
125056-^2 1 



Fiot'kk 6.— Thr rc'latlon, In normal and disoaHPd Pcrfoctiou f>eas, 
hotwwn Ml (maturity index) and avera|?c dry-matter content, 
weighted like Ml ac(M>rding to the .sieve size mitnber of the rieas. 
The disea.sed i)ea.s are smaller than normal on the basis of e(]ual 
percentages of dry matter, which in [mrt explains why they arc 
.softer 
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/Mrr£A (>£/e c£/rr) 

Fioukr 7.— The relation, in normal and diseased Perfection peas 
harvested at different dates, between drj^ matter and crushing load, 
each being weighted according to the diameter of the peas ex* 
pressed in millimeters. When the effect of size is thus eliminated 
the diseased peas are softer than the normal on the basis of equal 
percentages of dry matter 


normal peas on July 1, where size 3 containing 19.78 per cent dry- 
matter crushed not at 2.06 but at 2.32 kg per pea. In explaining the 
difference on the basis of size, it was necessarjr to assume identical 
constitution of the dry matter. In explaining it on the basis of dif- 
ferences in structure 
or composition of the 
dry matter, assump- 
tions are unnecessary, 
for the sizes are known 
to be identical. 

The problem of sep- 
arating the effect of 
size from that of age 
in the explanation of 
Figure 5 may be ap- 
proached also mathe- 
matically by using va- 
rious methods of cor- 
recting for these two 
factors. If such an 
approach be logical, 
then the corrected 
curves should show 
approximately the 
same relations be- 
tween dry matter and crushing load as those in Figure 5. 

Figure 7 represents an attempt to correct the crushing load and dry- 
matter content for size on the various harvest dates by weighting the 
average for any partic- 
ular day according to 
the diameter of the 
pea size in millimeters. 

In this way all deter- 
minations for each set 
of samples are reduced 
to one for each day. 

Here again, it may be 
seen that the diseased 
peas are softer, dry 
matter for dry mat- 
ter, than the normal 
peas. 

Figiire 8 represents 
an attempt to correct 
the crushing load and 
dry-matter content 
for age by averaging 
the crushing loads for 
any partiemar size for 
all dates. The small figures adjacent to the points show pea sizes. 
In plotting this figure the same calculations were used as for plot- 
ting F^ure 1, except that dry matter instead of size appears along 
the honzontal axis. Figure 8 shows again that the mseased peas 



FfOUHE S.^The rolation, in normal and diseased Perfection peas, 
between dry matter and crusbina load as averages for all harvest 
dates. When the effect of age is mus eliminated the diseased peas 
are softer than the normal on the basis of equal percentages of dry 
The small figures beside the points represent sieve size 


matter. 

number 
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are softer than the normal peas on the basis of eqnal percentages of 
dry matter. 

The maturity index as conceived by Boswell (/) does not fit the 
condition that obtains in a sample ot root-rot-affectod peas. Bos- 
weirs number has a significance, however, in comparing the size ratios 
of two samples of peas. It shows, for example, how the normal peas 
soon outstrip the diseased ones in enlargement. Boswell's number 
would rate normal peas as more nearly mature than the root-rot- 
affected ones of the same age that by reason of their greater dryness 
have more nearly reached the resting condition usually considered 
as maturity. It would also rate the diseased peas of the July 6 sample 
as less mature than those of the July 3 sample. The MI value is an 
admirable measure of size differences but not of maturity. 

The quality index (QI) of Sayre, Willaman, and Kertesz (10) also 
fails in some measure to show the differences between the diseased 
and the healthy samples, because it, too, depends upon the size of 
the peas for its expression. This index could not be applied with 
success in a pea field where root rot is prevalent. Because of the 
actual decrease in average size for diseased Perfection peas this value 
is much lower on July 6 than it should have been. 

SUMMARY 

The effect of root rot on the physiology of peas, especially ripening 
and quality, was studied by following the changes in size distribution, 
load necessary to crush, dry matter, asli, nitrogen, and crude fiber 
in root-rot-affected peas as contrasted witli normal peas. 

According to the Ml (maturity index) value, diseased peas enlarged 
more rapidly at first than healthy peas, but soon the rates of enlarge- 
ment began to lessen, so that the diseased peas never reached the 
maximum size attained by normal peas. 

After the growth of the diseased peas had begun to lessen their 
quality declined rapidly. 

The curtailment of growth and the lowering of quality were both 
intimately associated with the lowered water (!ontent of root-rot- 
affected peas. This finding agrees with those of other investigators 
working with other plant diseases. 

The load necessary to crush one pea was much higher, size for size, 
on the same harvest date in the diseased than in the normal samples. 
This is another way of saying that on the same harvest date, diseased 
peas were poorer in quality than normal peas. On the basis of an 
equal percentage of dry matter, however, the diseased peas were much 
softer than the normal peas. This was due to two facts: (1) 
They began to d^ out before they were filled and thus they were 
smaller, hence their resistance to crushing was less; (2) the dry-matter 
stuff itself was softer than that in normal peas. Thus the relation 
between crushing load and dry matter was different in the root-rot- 
affected from that in the healthy peas. 

No significant difference was found in the crude fiber content of 
normal and diseased Perfection peas. 

The percentage of ash in the root-rot-affected peas on a dry-matter 
basis was always lower than that of the^ corresponding healthy peas. 
The percenta^ of nitrogen on a dry-weight basis was lower in prac- 
tically every instance in diseased than in normal peas. 
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THE DISTRIBUTION OF VITAMIN B COMPLEX AND ITS 
COMPONENTS IN THE PEANUT' 


By F. W. Sherwood, Associate in Animal Nutrition and J. (). Halverson, in 

Charge, Animal Nutrition Research, North Carolina Agricultural Experiment 

Station 

INTRODUCTION 

The original object of the experimentation reported in this paper 
was to determine the distribution of vitamin B in the various parts of 
the peanut kernel. At the time that the work was begun (1920) vita- 
min B, or water-soluble B, was quite generally considered to be a 
single substance, although several investigators had suggested its 
multiple nature. Within the next tw^o years, however, definite proof 
that it contained at least two nutritive essentials had been published, 
and methods for their detection had been developed (^).^ Ck)nse- 
quently the scope of this investigation was enlarged to include a 
study of the relative quantities of the antineuritic vitamin B (Bi or F) 
and of the pellagra-preventing vitamin G (B 2 ) present in whole raw- 
peanut kernels. 

HISTORICAL REVIEW 

Kills and McLeod (3, p. 343) state that V'edder and Clark found, in 
1912, that 10 g of peanuts per day protect fowls on a polished-rice 
diet against polyneuritis for at least 60 days. These authors also 
state (3, p. 215) that in 1918 Grieg recommended groundnut (peanut) 
meal biscuit as emergency rations for the Indian troops. 

In 1918 Daniels and Ixnighlin (2) published evidence to show that 
a ration containing 75 per cent of roasted Spanish peanuts contained 
sufficient water-soluble B for normal growth and reproduction of rats. 
They also found that 56 per cent of peanut meal in the ration furnished 
enough of this factor for their experimental animals. 

Recently Blimmer, Raymond, and Ijowndes (7) have observed that 
pigeons suffered from polyneuritis when peanuts constituted 10 per 
cent of their ration. Twenty per cent of peanuts was enough for 
maintenance, and wdth 40 per cent rearing of young w-as po.ssible. 
They conclude that peanuts have a relative vitamin B value of 20 
when yeast is rated at 100. They say (7, p. 546) that this 

niust at present be eonsidered as the vitamin Bi + vitamin B2 value, though the 
symptom of polyneuritis has been taken as far as possible as the criterion of the 
amuiint of vitaiiiin in the foods. 

DISTRIBUTION OF VITAMIN B COMPLEX IN THE PEANUT KERNEL 

PEANUT PRODUCTS USED 

Raw unshellod peanuts, together with blanched splits, hearts, and 
red skins from extra-large selected Virginia Runner peanuts w'ere 
obtained from one of the large mills. 

1 Received for publication Nov. 18, 1931; issued June, 1932. Read before the biological section of the 
American Chemiral Society at the Atlanta, Oa., meeting^ Apr. 8. miU. 

* Reference is made by number (Italic) to Literature Cited, p. Hfi9. 
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The process of commercial blanching consists essentially in heating 
the graded kernels in oil at about 300® F. until the seed coats, or red 
skins, are loosened from the underlying tissues. The heating is not 
sufficient to develop a brown color in the cotyledons. The red skins 
and the hearts (plumules and hypocotyls) are removed mechanically 
from the splits or fleshy edible cotyledons. 

Since each of these commercial products contained a small amount 
of the other parts of the nut, before being used they were further 
separated by hand. 

Some of the shelled raw kernels were spread in thin layers in a warm 
room until the seed coats had dried sufficiently to be rubbed off 
easily. These nuts were then divided by hand into raw splits, hearts, 
and red skins. It was found that these kernels were composed of 
about 95 per cent splits, 2.3 per cent hearts, and 2.7 per cent red 
skins. 

EXPERIMENTAL WORK 

Peanut Products Incorporated in the Ration 

Rats from the experiment-station stock colony, when 22 to 28 days 
old and weighing 35 to 50 g, were placed in cages having raised screen 
floors and were given the basal vitamin B free ration (Table 1 ) and 
distilled water ad libitum for 10 to 20 days, until they had ceased 
growing. The lot was then given a ration which contained a definite 
amount of one of the peanut products. One lot of rats which received 
20 per cent of shelled raw peanuts was given the ration without having 
had the preliminary depletion period. Records were kept of the 
approximate daily feed intake of each lot. 

Table 1. — Composition of basal rations 195 and 196 and of supplementary ration 
197 used in work on vitamin B complex 


Ingre<llent 

i 

(Composition of 
ration No. — 

Ingredient 

Composition of 
ration No. — 

196 

196 

197 

195 

196 

197 

Purified casein • 

Moat residue^ 

Per 

cent 

18.0 

Per 

cent 

9 

12 

Per 

cent 

48 

Osl)orne and MendoP.s salt mixture. 

Agar-agar... 

Hydrogenated vegetable fat... 

Per 

cent 

4.0 

2.0 

Per 

cent 

4 

2 

Per 

cent 

16 

8 

Piirifled starch 

61.0 

16.0 

9 


Washed starch. 

58 


Cod-liver oil 

•0.16 

6 

28 









• A nearly colorless powder free from vitamins A, B, and O, prei>ared according to the method given in 
N. C. Agr. Expt. Sta. Tech. Bui. 39 U, p. ISM). 

A From a meat Juice company. 

« 0.16 g per rat per day. 

The energy value of all of the experimental rations was approxi- 
mately equal. These rations con tamed meat residue, 12 per cent; 
Osborne and Mendel salt mixture, 4 per cent; agar-agar, 2 per cent; 
and cod-liver oil, 4 per cent. The remainder consisted of the desired 
amount of peanut product, enoi^h vegetable fat to make a total fat 
content of 25 per cent, and starch to make 100 per cent. The ration 
containing 50 per cent of blanched splits was an exception in that it 
cqntained 29,7 per cent of fat without the addition of a vegetable fat. 

Figure 1 shows graphically the composite growth response obtained 
when these rations were fed to rats wnieh had ceased growing on the 
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vitamin B complex free basal ration. Each composite curve is derived 
from the behavior of from two to six, iisually three, animals in a group. 
All experimental rats on a given ration reacted in a rather uniform 
manner. The details for each individual are omitted in order to 
conserve space. 

The average daily feed intake of the rats on these rations shows 
that below a critical range in the percentage of peanut products in 
the ration the rats do not ingest sufficient vitamin B to affect their 
appetite to any great extent. Within this range, however, an increase 
in the level of peanut product results in a much larger feed intake; 



consequently the daily ingestion of the peanut product increases pro- 
portionately much more rapWly than the percentage in the ration. 

In order to control the daily intake of tne peanut product another 
series of experiments was run in which definite amounts of the frac- 
tions were fed daily to individual rats. 

Peanut Products Fed Separately 

The same technic as that outlined above, when the peanuts were 
incorporated in the ration, was followed, except that the rats were 
separated at the end of the depletion period and kept in individual 
cages. They were then given daily weighed quantities of the peanut 
products, together with the basal ration and distilled water ad libitum. 
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Basal ration 195, used in the earlier part of this work, is very similar 
to those used for this type of work. It was found by experiment to 
be free from the vitamin B complex. Later, after careful preliminary 
experiments, basal ration 196 was substituted in order to reduce the 
time and expense incurred in the elaborate purification of the casein 
and starch. (Table 1.) 

Osborne, Wakeman, and Ferry (6) and Sherman and MacArthur 
(10) have shown that commercial cornstarch does not contain the 
vitamin B complex. This observation has been confirmed in respect 
to the particular brand of starch used here, but as a precaution the 
raw starch was suspended in water and strained through a double layer 
of cheesecloth. After the starch had settled overnight, the water was 
decanted, and the starch was spread out in shallow pans and dried at 
room temperature. This material is designated as washed starch. 

The meat residue used in ration 196 is a dry granular by-product 
from the commercial manufacture of beef extract. It contains ap- 
proximately 80 per cent protein (N X 6.25) and 10 per cent fat, and is 
apparently free from the antineuritic vitamin and possibly vitamin O. 

In the greater part of the work rations 195 and 196 were relied upon 
to furnish all needed nutritive essentials for growth except the vitamin 
B complex. It was feared that at times the rats might not eat enough 
of ration 196 to supply their minimum needs, so 0.25 g of ration 197 was 
fed daily with the peanut product (Table 1), the basal ration being 
withheld until all of the supplements were eaten. This procedure 
insured the consumption of at least 70 mg of cod-liver oil and 40 mg 
of the salt mixture each day. This method of feeding was discontin- 
ued after a short time, since there was no apparent benefit from it. 

Before being fed, all peanut products, except red skins, were ground 
in a meat chopper, care being taken to avoid crushing them to the 
consistency of a ^aste. The red skins were finely ground in a Wiley 
mill. 

Composite gains of the animals obtained when definite quantities 
of the raw and blanched fractions were fed daily are shown graphically 
in Figure 2. For the sake of brevity the details for each rat are not 
given. The curves are each the composite of three to five individually 
fed rats which reacted rather uniformly. 

It was necessary to mix the unpalatable red skins with as much 
of the basal ration as would be consumed in a day in order to get the 
rats to eat them. The other fractions of the peanut kernd were 
eaten greedily. 

DISCUSSION OF RESULTS 

Figure 1 shows that neither 10 per cent of raw splits, blanched 
splits, nor blanched hearts stimulated growth in the rats. When, 
however, the amount of raw or blanched splits was doubled (that is, 
increased to 20 per cent) the rats responded promptly and made good 
growth. Because of their improved appetite these rats ate approxi- 
mately four times as much of the splits as those receiving 10 per cent 
in their ration. 

A ration containing 20 per cent of blanched hearts was only slightly 
superior to the one containing 10 per cent; but when the level was 
increased to 30 per cent, good growth resulted. 

The rats receiving 20 per cent of blanched red skins made moder- 
ate growth. Increasing the red skins to 50 per cent resulted in some- 



J une 1, 1932 


Distribution oj Vitamin B in the Peanut 


853 


what poorer growth even though the average daily intake of this 
peanut product was 2.3 g per rat. The red skins seemed to be very 
unpalatable. The failure of the rats to respond to the larger amounts 
of red skins in the ration is possibly due to the deleterious effect of 
the tannins or other astringents present. Cajori {!) has shown 
that the presence of tannins in pecan diets is a limiting factor for the 
growth of rats when pecan nuts furnished the sole source of protein 
in the rations. 

The larger part of the work with peanut products incorporated in 
the ration was completed in the early part of the summer of 1927. 
The following spring, after the peanut products had become somewhat 
rancid, the work with the rations containing 20 per cent of blanched 
red skins, 20 per cent of blanched splits, and 20 per cent of raw splits 
was repeated. In each case the growth response of the rats was dis- 



Fku'IIK 2. -('oinposito KaioH of rats when reiteiviuK daily weighed quantities of peanut produets as 
the solo source of the vitamin B complex. In the curve designations the figures refer to grams 
of the t)eanut fraction fed daily, and the letters have the following meanings; RP, shelled raw 
L>eanuts; KS, raw splits; R 11, raw hearts; RR, raw redskins; BS, blanched splits; BH, blanched 
hearts; BR, blanche<i red skins; and Y, dried brewers’ yeast. The composition of the basal 
rations (Nos. Bi.^and 190) is given in Table 1 and discuss^ in the text 


tiiictly inferior to that obtained the precediiig year (fig. 1), although 
the average daily feed intake was approximately the same. This 
indicates that the vitamin B complex was partially destroyed by 
storage at room temperature and that the rancidity did not affect the 
palatability of the rations to any marked extent. 

The data (figs. 1 and 2) show that while the vitamin B complex 
is distributed throughout all ijarts of the peanut kernel, the raw red 
skins contain distinctly more of these factors than do the other parts. 
The raw hearts and raw splits apparently are about equally rich in 
these essentials. • • -d 

Each of the blanched products contains somewhat less vitamin B 
complex than the corresponding raw product. This is pai’ticularly 
evident in the red skins but less so in the hearts and splits. The 
heating during the blanching process apparently destroys a large part 
of the thermolable antineuritic vitamin in the thin exposed red skins 
but does not affect that in the body of the kernel to so great an extent. 
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The hearts, being small and partially exposed at the end of the nut, 
are affected slightly more than the splits, but much less than are the 
red skins. 

RELATIVE QUANTITIES OF THE ANTINEURITIC AND THE PEL- 
LAGRA-PREVENTING VITAMINS IN RAW SHELLED PEANUTS 

METHOD 

The general method of Hunt and Krauss (S) was adopted as being 
suitable for this work, except that dried brewers^ yeast which had 
been autoclaved at 20 pounds pressure for 4 hours was used as the 
source of the antipellagra vitamin. (Sherman and Axtmayer (9).) 
These investigators used the two basal rations shown in Table 2. 
One of these, the polyneuritic ration, 225, is devoid of both compo- 
nents of the vitamin B complex. The other, 223, contains the anti- 
neuritic fraction and small amounts of vitamin G. During the 




Fio UKK 3.— Composite gains of rats reoeiving the pellagra-producing ration No. 223 without supple- 
ments, with definite quantities of autoclaved yeast (AY), or extract of rice polish (ERF) or 
with raw shdUed peanuts (RP) fed daily: A, Controls; B, animals fed peanuts 

course of this work it was found that the polyneuritic ration supple- 
mented with an extract of rice polish was more satisfactory than the 
pellagra-producing ration for detecting the presence of vitamin G, 
because of the small but appreciable amount of this vitamin fur- 
nished by the wheat in the latter ration. The extract of rice p()lish 
was prepared in this laboratory according to the method described 
by Wells (II) for the preparation of tikitim.® 


Table 2. — Composition of h<isal rations used in work on the antineuritic and 
pellagra’-preventive vitamins 


Ingredient 

Pellagra- 
producing 
ration 
No. 228 

Poly- 
neuritic 
ration 
No. 226 

Ingredient 

Pellagra- 
pro ducing 
ration 
No. 223 

Poly- 
neuritic 
ration 
No. 225 

Purified casein 

Per cent 
18 
25 
41 

4 

Per eenf 
18 

84 

4 

Af^.aga'- 

Per cent 

PercifU 

2 

10 

2 

Wheat 

Washed starch 

hlcQoUam's salts mixture 186. 

Hydrogenated vegetable fat... 
Cod-liver oil 

10 

2 


.4 Is ft ooneentmted extmot of rice pollsli vbicb is propwed ftod distributed by, the rhiUppine 

ipBlSSiiBuftltli Bervice for the preyontlon of Doriberi. 
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EXPERIMENTAL RESULTS 
Controls 

In all, 68 rats were used as controls and in determining the suita- 
bility of the autoclaved yeast and of the extract of rice polish as 



Figure 4.—Coinposite gains of control rats (A) receiving the polyneuritic ration No. 225, with- 
out supplements, or with daily definite qwntities of autoclaved yeast (AY), extract of rice 
polish (ERP), or dried brewers’ yeast (DBY); B and O, composite gains of experimental 
animals receiving daily ration No. 225 with definite quantities of raw shelled peanuts (HP) 
with and without 0.3 g autoclaved yeast and 2 drops of extract of rice polish. The dotted 
portion of ttm curves indicates that one or more of the rats had died 

sources of vitamins G and B, respectively, and also the quantities 
that it is necessary to use for this purpose. The principal results 
are given in Table 3, and curves oi composite gains ore shown in 
Figures 3 and 4. 
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Table 3. — Effect of autoclaved yeast and extract of rice polish as supplements to 
the pellagra^producing and the polyneuritic basal rations when fed to controls 

PELLAQRA-PRODUCINO RATION NO. 223 WITH NO SUPPLEMENT 


Rat No. 
and sex 

Age at start 

Weight at start 

Quantity of supple- 
ment fed daily 

Maximnm weight at- 
tained 

Time after start when 
maximum weight 
was attained 



Orams 


Grams Days 

1973 (f ... 

24 1 

46 


64 64 

1976 9. 

24 

46 


54 12 

1981 d".... 

22 

48 


58 9 

1982 9..-- 


44 


60 42 

1983 9.— 

22 

44 


74 46 




Duration of test pniod 

Weight at end of test 
period 

Average quantity of 
basal ration eaten 
daily 

Average gain or loss in 
weight per day j 

Pellagra symptoms 

Days 

Grams 

Grams 

Grams 


64j 

64 

- * . 

0.28 

— 


44 


-.03 

— 


46 


-.04 

+ 

46 

60 


.35 

+ 

46 

74 

' --- 

.f>5 



PELLAGRA-PRODUCING RATION NO. ; 


i WITH AUTOCLAVED YEAST 


2090 cf . . . 

23 

50 

1 1 164 

80 

84 

158 

7.5 

1.28 

... 


2091 rf'— . 

23 

48 

[0.2g \ 122 

80 

84 

118 

6.7 

.83 

— 


2179 9-— 

22 

42 

I 1 130 

61 

63 

130 

7.8 

1..39 



2024 9.... 

24 

44 

0.5 g 118 

48 

48 

118 

7.7 

1.54 

— 


PELLAGR.A-PRODUCING RATION NO 

223 WITH 

EXTRACT OF RICE POLISH 

2212 9- 

20 

.50 

1 i 108 

78 

83 

108 

7.0 

.70 



2224 9-.. 

26 

44 

>10 drops- 94 

66 

76 

90 

6.5 


— 


2248 cf— - 

26 

40 

1 1 102 

09 

76 

100 

0.1 

.79 





POLYNEURITIC RATION N( 

>. 225 WITH 

NO SI 

IPPLEMENT 

2006 cf—. 

22 

44 

48 

10 

20 

34 


-.38 

— 

Died; spasms. 

2007 cf . . 

22 

42 

48 

7 

20 

34 


-.31 

— 

Experiment dis- 











continued. 

2008 9..- 

23 

42‘ 

42 

0 

20 

28 

. .. - 

-.54 

—• 

Died; spasms. 

2009 9 — - 

23 

38 

40 

12 

26 

28 


-.38 


Exi)eriment dis- 











continued. 

2486 9..>- 

28 

48 

52 

9 

47 

32 

3.8 

-.34 

— 

Died; si>asins. 


POLYNEURITIC RATION NO. 225 WITH AUTOCI 

L.AVE1 

) YEAST 

2025 

2071 d*—. 

24 

22 

48 

40 

1 62 
.0.3 « 1 “ 

10 

15 

32 

45 

.38 

30 

3.6 

2.9 

-.31 

-.09 


Died; siwsms. 
Flxiieriment dis- 
continued; 










spastic. 

2072 cf— - 

22 

42 

j 56 

15 

43 

36 

3.3 

-. 14 

- 

Died; spasms. 
Died. 

Do. 

Experiment dis- 
continued. 

2026 d*— - 

24 

40 


10 


40 

2.3 

.00 

— 

2094 d*— - 
2149 9 — . 

23 

25 

42 

46 

1 « [ 76 

1 70 

24 

36 

43 

69 

44 

70 

3.9 

2.5 

.05 

.35 



POLYNEURITIC RATION NO. 225 W-^ITH EXTRACT OF RICE POLISH 


2214 

9 — 

20 



62 

50 

83 

54 

4.0 

.07 

2217 

d-— - 

26 

44 

j-l drop 

58 

41 

77 

48 

4.3 

.05 

2250 

9-.- 

23 

42 

56 

34 

76 

40 

4.3 

-.03 

2216 

9-.- 

26 

50 

] 

78 

27 

83 

68 

4.8 

.22 

2219 

9— - 

26 

44 

>5 drops-.. - 

74 

41 

77 

64 

4.9 

.26 

2252 


22 

40 

82 

45 

76 

80 

5.2 

.53 


POLYNEURITIC RATION NO. 225 WITH 0.3 U AUTOCLAVED YEAST AND 2 DROPS 
EXTRACT OF RICE POLISH DAILY 


. 26 

42 i. 

. 25 

56 1. 

j_ 


i 154 

90 

90 

154 

5.6 

1.24 - 

I ISO 

1 

09 

96 

ISO 

5.4 

.98 - 


POLYNEURITIC RATION NO. 226 WITH DRIED BREWERS’ YEAST 


2001 €?*... 

2002 cf... 

2003 


24 

52 


I no 

30 

33 

108 

6.0 

1.69 - 

24 

52 

0.25 g 

J 108 

83 

33 

108 

6.6 

1.69 - 

24 

44 

1 no 

33 

33 

no 

6.1 

2.00 - 
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These control tests of the rations and of technic show that although 
young rats usually die within 30 days when given the polyneuritic 
ration only, a daily supplement of 1 drop of the extract of rice polish 
enables them to survive at least 80 days. However, they do not 
grow, and incipient symptoms of pellagra * develop within 50 to 70 
days. When the dosage of extract of rice polish is increased to 5 
or more drops slight growth results, indicating that this supplement 
may contain very small amounts of vitamin G, but that 2 drops 
daily does not furnish a sufficient quantity to be of any consequence. 

The results also show that the autoclaved yeast contains only 
minute quantities of vitamin B. When the polyneuritic basal ration 
is supplemented with 2 drops of extract of rice polish and 0.3 g auto- 
claved yeast daily the rats are able to grow at the rate of approxi- 
mately "l g per day and maintain their health throughout the experi- 
mental period. 

Rats Fed Peanuts 

When tests for the presence of the antineuritic and antipellagra 
vitamins were made on rats fed shelled raw peanuts, the results 
shown in Table 4 and Figures 3 and 4 were obtained. Extra-large 
peanuts of the Virginia Runner variety were used. These were 
obtained from a different mill from the one which supplied the 
blanched-peanut products used in the earlier work on the vitamin B 
complex. 

Table 4. — Effect of fthelled raw peanutn on the growth of young rata receiving the 
polynevritic basal ration alone, and supplemented either with autoclaved yeast or 
extract of rice polish, and their effect on the growth of rats receiving the pellagra- 
producing basal ration 


POLYNEURITIC BASAL RATION NO. m WITH NO ADDITIONAL SUPPLEMENTS 


Rat No. and sex 

s 

1 

to 

CO 

tity of raw pea- 
uts fed daily 

mum weight at- j 
tained 

after start when 
ximum weight 1 
attained 

s 

1 

1 

c 

1 

ht at end of test 
period 

age quantity of 
al ration eaten j 
ly 1 

verage gain or loss in 
weight rwr day 

1 

0 

o. 

E 

* 

1 

Remarks 



0) 

1“ 

a 

IIS 

2 

9 

U) 

'S 


.2 



< 

ss 

O’ 



Q 

if 


< 




Days 

Grams 

Grams lorams 

Days 

Days 

Grams 

Grams 

Grams 



2401 9 

20 

48 

1 

.52 

8 

38 

.34 

3.4 

~0..37 

— 

Died. 

2402 cf 

24 

50 

1 0. 10 

58 

0 

53 

34 

3.9 

-..30 

— 

Do. 

2403 9 

20 

34 

1 

30 

2 

09 

24 

2.8 

-.15 

— 

Do. 

2098 9 

23 

44 

1 

64 

54 

SS 

00 

4.0 

.19 

— 


2145 cf 

24 

50 

} .30 

04 


70 

.58 

3.2 

.11 

— 


2I4fi 9 

24 

40 

I 

72 

53 

70 

04 

3.3 

.20 

— 


2039 cf 

21 

48 


02 

60 

60 

92 

4.3 


— 


2040 cf . 

22 

40 


68 

44 

00 

68 

3.7 

..37 

— 


2090 

23 

62 

1 

104 

80 

83 

98 

4.7 

. .55 

— 


2041 9 

22 

46 


68 

00 

60 

68 

4.0 

..37 

— 


2042 cf 

2.5 

42 

1 .75 

86 

.50 

00 

50 

4.5 

,23 

— 


2100 cf 

23 

.50 

1 

118 

83 

83 

118 

4.8 

.82 

1 

+ 



< The terra ‘'pellagra** Is used to denote vitamin G avitaminosis. It does not necessarily imply a condi- 
tion identical with iiellagra in mao. The extreme conditions described in the literature have not been 
encounter^ in this work. The most frequent symptoms have been emaciation and ophthalima. 
at the comers of the mouth and considerable Itws of hair have been fairly frequent. A mild dermatitis 
has developed occasionally, and diarrhea has been noted in a few instances. 
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Table 4. — Effect of shelled raw peanuts on the growth of young rats recewing the 
polyneuritic basal ration alone^ and supplemented either with autoclaved yeast or 
extract of rice volish, and their effect on the growth of rats receiving the pellagror 
producing basal ration — Continued 

POLYNEURITIC BASAL RATION NO. 226 WITH 0.30 ORAM AUTOCLAVED YEAST PER 

BAT PER DAY 


Rat No. and sex 

Age at Start 

Weight at start 

Quantity of raw pea- 
nuts fed daily 

Maximum weight at- 
tained 

Time after start when 
maximum weight 
was attoined 

Duration of test period 

Weight at end of test 
period 

Average quantity of 
basal ration eaten 
daily 

A\era^ gain or loss in 
weight per day 

Pellagra symptoms 

Remai 


Days 

Oramt 

i 

1 

1 

1 

Dans 

J>av» 

Oramn 

OraiM 

Orams 



2404 $ 

26 

44 


64 

17 

62 

38 

3.8 

-0.12 

— 

Died. 

240.5 9 

24 

46 

0.10 

68 

27 

86 

64 

3.9 


— 


2400 cf 

26 

40 


f4 

22 

87 

60 

3.6 

.23 

— 


2181 rf* 

22 

42 


86 

47 

60 

78 

4.3 

.60 

— 


2184 9 

22 

46 

.30 

110 

60 

62 

106 

4.9 

.97 

— 


2190 cf 

23 

44 


90 

66 

61 

90 

4.3 

.76 

— 


2182 9 

22 

38 


112 

49 

60 

112 

5.4 

1.23 

— 


2185 

22 

46 

.50 

124 

60 

62 

122 

4.9 

1.22 



2191 9 

23 

44 


118 

69 

61 

116 

5.6 

1.18 

— 


2183 9 

22 

34 


128 

61 

63 

126 

5.4 

1.46 

— 



22 

46 

.76 

146 

60 

62 

142 

5.9 

1.55 

— 


2192 9 ! 

23 

36 


120 

56 

61 

116 

5.6 

1.31 




POLYNEURITIC BASAL RATION NO. 225 WITH 2 DROPS OF AN EXTRACT OF RICE 
POLISH • PER RAT A DAY 


2410 

24 

46 1] 


i 82 1 69 

78 . 

74 

4.4 

0.36 

2411 cT - 

24 

40 1 

0.30 

62 1 24 

78 

44 

3.7 

.a5 

2412 9 

24 

48 ; 


1 56 ! 6 

78 ! 

44 

3.9 

-.05 

2407 9- 

24 

^ i 


f 76 83 

87 , 

80 

4.8 

.41 

2408 

26 

44 

\ .60 

t 60 1 45 

87 

66 

3.8 

.14 

2409 9 

26 

34 ! 

1 

1 64 ! 76 

87 i 

62 

3.9 

.32 

2413 cf 

•"24 

48 

1 75 

f 66 1 39 

78 ! 

56 

3.9 

. 10 

2414 9 1 

24 

1 

42;. 

f 

1 66 74 1 

78 1 

02 

4.7 

.26 


PELLAGRA-PROD UCINO BASAL RATION NO. 223 WITH NO ADDITIONAL 
SUPPLEMENTS 


2101 9 

24 

48 


108 

80 

84 

108 

6.5 

0.72 


2136 cf 

24 

48 

0.30 

80 

14 

70 

72 

4.0 

.34 

>- 

2187 9 

24 

86 


78 

32 

70 

72 

4.0 

.61 


2102 9 

24 

62 


124 

80 

84 

122 

7.2 

.83 

— 

2188 9 

24 

44 

.60 

74 

60 

70 

72 

3.2 

.40 


2189 d" 

24 

48 


. 86 

63 

70 

84 

4.4 

.61 

— 

2108 9 

24 

52 



77 

84 


5.6 

.69 

— 

2140 cf 

24 

46 

.76 

\ 96 

63 

70 


4.7 

.63 

— 

2141 9 

24 

42 


1 74 

26 

70 

68 

3.6 

.37 



<« One drop of extract of rice polish weighed on an average of 64 mg. 


DISCUSSION OP RESULTS 

The results presented in Table 4 and Figure 4 show that the anti- 
neuritic vitamin contained in an extract ol rice polish does not ade- 
quateljy* supplement raw peanuts in inducing i^rowth in you ng r ats 
receiving a basal ration which is free from vitamin B complex. When, 
however, autoclaved yeast 4s substituted for the extract of rice polish 
the rats are able to make much greater gains in weight. It is thus 
^en that^anuts are rdatively much ri^er in the antineuritic than 
in the pellagra-preventing fraction of vitamin B complex. 

The rats made smaller gains when the peanuts were fed with the 
polymeuritic basal ration supplemimted with an extract of rice polish 
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than they did when the pellagra-producing basal ration containing 
25 per cent of whole wheat was used. This indicates that the wheat 
in ration 223 (Table 2) contained enough vitamin G to interfere with 
the detection of the small amount of this factor in the peanuts. 

It is recognized that vitamin B complex probably contains more 
than the two fractions (B and G) discussed here and that more 
definite knowledge concerning these other factors may necessitate a 
modification in the methods or a reinterpretation of the results. The 
conclusions expressed here are justified, however, unless it shall be 
proven that a serious error is introduced by the absence of one or 
more of these little-known substances from the peanuts or the basal 
ration or by their presence in the autoclaved yeast or in the extract 
of rice polish. 

SUMMARY 

Commercially blanched peanut splits (cotyledons), hearts (plumules 
and hypocotyls), and red skins (seed coats), and the corresponding 
raw products from selected Virginia Runner peanuts were tested for 
the presence of vitamin B complex by a method which does not 
differentiate between the components, but in general favors the de- 
tection of the antineuritic fraction. 

The raw red skins were found to contain the highest concentration 
of vitamin B complex, but there are appreciable quantities present 
in the hearts and the splits. 

The process of commercial blanching (heating in oil for a short 
time at approximately 300® F.) destroys a large part of the vitamin 
present in the outer exposed red skins but does not have so marked 
an effect on that in the hearts and splits. 

When shelled raw kernels were tested for the presence of the com- 
ponents of vitamin B complex it was found that they contain rela- 
tively much larger amounts of the antineuritic fraction than of the 
pellagra-preventing vitamin G. 
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DEVELOPMENT OF CERTAIN STORAGE AND TRANSIT 
DISEASES OF CARROT ' 

By J. I. Lauritzen 

Senior Physiologist^ Division of Sugar Plant Investigations^ Bureau of Plant 
Industry^ United AStates Department of Agriculture 2 

INTRODUCTION 

This paper deals in the main with four diseases of carrot {Daucus 
carota L.), namely, Sclerotinia soft rot (Sclerotinm fiderotmrum (Lib.) 
DBy),’' Rhizopus soft rot {Rhizopm tritici Saito and R, nigricans 
Ehrenl).), bacterial soft rot (Bacillus carotomrus L. R. Jones), and 
Botr^j^tis rot (Botrytis cineren Pers.). 

No careful survey of the losses occasioned by these diseases in 
commercial storage has heretofore been reported. As judged by 
the reports of various workers and storage men, however, the losses 
are sometimes large, especially in cases of Sclerotinia soft rot and 
bacterial soft rot. Data arc presented herein showing the losses 
due to a number of diseases under a variety of storage conditions. 

Some idea of the losses caused by these diseases, incident to the 
shi])ment of topped carrots to market, may be obtained from Table 
1. The data shown in this table were obtained from market-inspec- 
tion certificates issued by the Bureau of Agricultural Economics, 
United States Department of Agriculture. The inspections upon 
which these certificates were based were made in response to a request 
from one of the i)arties interested — shippers, carriers, or receivers — 
and as a result of some question as to condition and grade. The 
certificates represent the total number of cars of topped carrots 
inspected from 1922 to 1927, inclusive. The distances covered in 
the shipment of these carrots ranged from a few miles to many hundred. 

The 214 cars inspected represent only about 1 per cent of the 22,195 
cars shipped during the same period. Although these shipments 
include both topped and un topped carrots, the percentage of topped 
carrots inspected is probably very small. The number of cars 
inspected is, of course, too small to give an adequate notion of the 
losses in the total shipment of carrots during this period. Since, 
however, the inspections were made over a period of years, some idea 
may be obtainea of the occurrence and the relative importance of 
the several diseases. 


* Received for publication Oct. 14, 1931; issued July, 1932. . ui tt h 

* Formerly pathologist, Division of Horticultural Crops and Di.«seases, Bureau of Plant Industry. L. S. 

Theusuaf cUatlon^f^^ combination is, (Lib. ) Mass.; 

B’s use of it. 
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Table 1. — Losses in SI 4 carloads of carrots^ due to four storage diseases^ from 19S2 

to 1927 


j 

Cars in which in- 

Averai^ percentage 
of decay based 
on the number 
of— 


faction occurred 

Cars in 
which 
infection 
occurred 

Cars in- 
si)ccted 

Rhieopus soft rot 

Number 

33 

Per cent 
16.4 

17 

2.6 

Sclerotinia soft rot 

79 

36.0 

17 

6.3 

Bacterial soft rot - 

.32 

15.0 

8 

1.2 

Botrytis rot 

28 

13.1 

22 

2.0 

Soft rot® 

16 

7.0 

8 

.6 


® The (lisoASc listed under this name may have been any one of the first three difu^ases. 


In some of the cars only one of the four diseases was found ; in others, 
two or more. The average percentage of decay based on the 214 
cars is suggestive of the total losses in carrot shipments. The aver- 
age percentage based on the number of cars in w^hich disease occurred 
gives a better picture of individual losses. The fact that these per- 
centages are averages indicates that the individual losses varied, 
sometimes reaching 75 to 100 per cent. This unequal distribution 
of losses is a hopeful sign. The fact that there was no decay in many 
cars and slight decay in many others suggests that in these instances 
the factors favorable to decay w^'ere either eliminated or under partial 
control and that, if the same factors had been controlled or removed 
in these instances in which the losses were heavy, the total as well as 
the individual losses would have been smaller. 

The data (Table 1) show that the greatest losses wore caused by 
Sclerotinia soft rot, that those caused by Rhizopus soft rot and by 
Botrytis rot were about equal, and that those caused by bacterial soft 
rot were the smallest. 

Manv of the carrots had been stored before they were shipped and 
probably there were some losses due to decay. In preparing carrots 
for market it is the usual practice jbo sort out decayed roots. Losses 
resulting from sorting must therefore be added to those incurred 
during transit in computing total losses. 

The data set forth herein are based on investigations that had as 
their object: (1) To make a survey of the diseases that normally 
affect carrots under a variety of storage conditions; (2) to determine 
the losses due to these diseases under different conditions of storage; 
(3) to determine the influence of temperature on the growth of 
some of the pathogenes in culture media; (4) to study the influence of 
such factors as temperature, wounds, the presence or absence of 
organic matter, and tne method of infection upon the decay of carrots 
by the four diseases mentioned above; (5) to test the susceptibility of 
18 varieties of carrots to these diseases; and (6) to determine the 
conditions most favorable for the storage of carrots. 

The work was done at the Arlington Experiment Farm, Rosslyn, 
Va., from 1920 to 1929, inclusive. 
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APPARATUS AND EQUIPMENT 

Most of the work was conducted in infection chambers {9) * or in 
storage rooms 8 feet wide, 14 feet long, and 11 feet high. The other 
equipment used is discussed in connection with the experiments in 
which it was employed. 

MATERIALS 

PATHOGENES 

The pathogenes employed in the experiments were Rhizopm tritici 
isolated from sweetpotato (Lpomoea batatas (L.) Poir.), R. nigricans 
isolated from banana {Musa paradisiaca L.), Sclerotinia sclerotiorum 
isolated from cabbage (Brassim oleracea L.), Botrytis cinerea isolated 
from carrot, and Bacillus carotovorus isolated from carrot. 

HOSTS 

The Danvers Half Long variety of (‘arrot was used in the infection 
and storage experiments and in the temperature experiments that 
had as their object the determination of the cardinal temperatures 
for infection and decay. The following 18 varieties, with the excep- 
tions noted in the text, were employed in the varietal-susceptibility 
tests and in some of the storage experiments: Blanche ^ collet vert 
(hors terre), Blanche lisse demi-Iongue, Carter Early Market, Carter 
Long Forcing, Carter Nantes, Carter Red Elephant, Carter Scarlet 
Perfection, Carter Summer P^vorite, Danvers Half Long, Rouge 
demi-longue de Danvers, Jaunc obtuse du Doubs, Rouge li. forcer 
Parisienne, Rouge demi-courte de Gu^rande, Rouge demi-longue 
d^Amsterdam, Rouge demi-longue de Chantenay, Rouge demi-longue 
Nantaise, Rouge demi-longue de Saint James, and Rouge longue de 
Saint Valeiy. The carrots were grown at the Arlington Experiment 
Farm, Rosslyn, Va., and stored, except when otherwise stated, at a 
temperature fluctuating between 0° and 2° C. 

SOURCES OF CONTAMINATION AND INFECTION 

Sclerotinia soft rot differs from Rhizopus soft rot, bacterial soft rot, 
and BotiTtis rot in the fact that its occurrence in storage depends 
upon field contamination and infection. This disease is common on 
carrots and a large number of other vegetable crops in the field. If 
the storage house has not been contaminated by the previous storage 
of vegetables affected with this disease, uncontaminated or uninfected 
roots from the field will not become infected by S. sclerotiorum. 

Harvested carrots apparently are always contaminated with forms 
of Rhizopus, BacUlus carotovorus, and Botrytis cinerea, for infection 
by these pathogenes takes place whenever the roots are stored at 
certain temperatures and humidities. The sources of contamination 
are probably both the field and the storage house. All three of these 
organisms readily grow and reproduce on most, if not all, dead vege- 
table matter andf may be expected to occur whenever such vegetable 
matter is present. Bacillus carotovorus frequently, and S. cinerea 
rarely, affect carrots in the field. In such cases contamination is 
traceable to field infection. 


* lleliBrence is made by number (Italic) to Literature Cited, p. 911. 
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EXPERIMENTAL DATA 

SCLBROTINIA SOFT ROT 
The Pathogens 

Ramsey {12^ 13) has shown that four species of Sclerotinia 
cause decay of carrots under experimental conditions, namely, S. 
sclerotiorum, S. intermedia Ramsey, S, minor Jagffer, and S', ricini 
Godfrey. He states that, of a large number of isolations made from 
vegetable products on the Chicago market during four years, more 
than 90 per cent yielded S. sclerotiorum. He reports having isolated 
S. intermedia from carrot only on two occasions {12, 13). So far as 
the writer is aware, S. minor and S. ricini have not been reported 
as normally causing decay of carrots. S. sclerotiorum, therefore, is 
probably the principal species causing decay of carrots. 

Method of Infection 

Boyle {1 ) asserts in his work on the Scarlet Runner bean (Phaseolus 
coccineus Jacq.) and broadbean (Vida faba L.) that Sclerotinia 
sclerotiorum obtains entrance to the host tissue by mechanical pressure 
and that it has the ability to penetrate the cuticle as well as the sub- 
cuticular layers. He dicf not, liowever, test such tissues as those in 
the roots of carrots. In the present experiments no effort was made 
to determine the method by which the pathogene gains entrance to 
the cells of the carrot, but two experiments (Table 2) were conducted 
to determine whether there is a normal barrier to the entrance of the 
fungus into the host tissue. 

In these experiments glass tubes t5 mm in diameter and 10 mm long 
were scaled over fresh wounds, old wounds, areas where secondary 
rootlets emerge Jrom the primary roots, and the uninjured skin. 
The tubes were then filled, in the first experiment with swT.etpotato 
decoction, and in the second with carrot decoction, and bits of the 
mycelium of Sclerotinia sclerotiorum were introduced into each tube. 
The fresh wounds were made by cutting off a slice of tissue from the 
roots with a sharp knife. The old wounds consisted of areas where 
the skin had been rubbed or scratched off in the process of harvesting 
and storing. The roots had been in storage a little over four months 
in each case. When the roots were to be inoculated over the unin- 
jured skin considerable care was exercised to select areas free from 
injury. After inoculation the roots w^ere stored at 15° C., for 22 days 
in the first experiment and for 42 days in the second experiment. 


Table 2. — Infection of carrots inoculated with Sclerotinia sclerotiorum over fresh 
wounds, old wounds, rootlets, and the unbroken skin, and held at a temperature 
of is^ a 


Inoculation over— 


Fresh wounds. 
Old wounds... 

Rootlets 

Unbroken skin 


Storage period 




Experl* 
ment 1« 

Experi- 

ment 

Roots 

used 

Roots infected 

Days 

Days 

Number 

Number 

Per cent 

22 

42 

12 

10 

8.3 

22 

42 

12 

10 

83 

22 

42 

13 

4 

31 

22 

42 

23 

0 

0 


• The inooulum consisted of bits of the mycelium of 8, sclerotiorum in sweetpotsto decoction. 
>•4* The inoculum consisted of bits of the mycelium of 8. eclerothrum in carrot decoction. 
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The results in TaWe 2 show that the unbroken skin of the carrot, 
if not a perfect barrier, is effective in preventing the entrance of this 
fungus. If the skin of the carrot root were continuous and uniform 
throughout, it would effectively limit the amount of decay caused by 
this pathogene. Unfortunately infection may readily occur at the 
openings of the tissue associated with the origin of the secondary 
roots and at the wounds that invariably result from handling in con- 
nection with the harvesting and storage of the crop. 

Wounding and Infection 

In an experiment conducted to measure the influence of wounding 
at different temperatures, the wounded and uiiwounded roots were 
inoculated by dipping them in a suspension of mycelium and agar in 
water. The inoculum was prepared by squeezing carrot-agar cultures 
of Sclerotinm selerotiorum through cheesecloth into a (juantity of 
water. The wounding was accomplished by s(‘.raping off the skin of 
the roots, which gave a type of wound common in carrots, especially 
if roughly handled. A quantity of wounded and ungrounded carrots 
were stored after inoculation at nine different temperatures. Except 
at one temperature (8° C.), the percentage of infection was larger 
in the wounded than in the unwounded roots. (Table 3.) Taking 
the results collectively at the temperatures at which infection oc- 
curred, there was 12 per cent more infection in the wounded than in 
the unwounded roots (32 as compared with 20 per cent). These data, 
together with those in Table 2, show that wounding is a factor of some 
importance in the infection and decay of carrots by S. selerotiorum. 
Incidentally, the results at temperatimcs 11.5° and 12.5° C. (Table 3) 
indicate that the relative humidity of the storage chamber may also 
influence the amount of infection. Fresh wounding would have the 
effect of increasing the humidity at the wounded surface. 


Table 3 . — Infection of wounded and unwounded carrots stored in 12-quart baskets 
and inoculated with Sclerotinia selerotiorum at various temperatures 



! 


i 



1 



UcK>ts stored 


Kela- 


Wounded root.*? 

! Unwounded roots 

without treJit- 

Temperature 

tive 

humid- 

Storage 

l)eriod 







iiient 

ity 

Total 

lufecttKl 

Total 

1 

! Infected 

1 Total 

Infected 


Ptr cent 

Days 

Number 

Number 

Per cent 

\NumbeT Number 

Per cent 

'Number 

Per cent 

33 

93 

20 

(-) 

(-) 

(«) 

i (-) 

, (.) 

(®) 

(“) 

t“) 

26.5 

91 

20 

107 

0 

0 

84 

0 

0 

80 

0 

24 

93 

20 

100 

18 

11 

! 84 

2 

2.4 

84 

0 

19 

96 

20 

107 

28 

26 

84 

! 15 

18 

no 

0 

18 

95 

20 

90 

46 

51 

109 

! 26 

24 

117 

0 

12.5 

90 

40 

101 

69 

68 

76 

20 

27 

99 

0 

11.6 

96 

40 

121 

81 

67 

106 

! 61 

58 

89 

0 

8 

96 

40 

109 

7 i 

0 

88 

10 

11 

103 

! 0 

7 

96 

40 

103 


^ i 

i 

; 0 1 

« 

91 

0 

3.6 

92 

40 

97 

0 I 


104 


0 

82 

0 

Total » - . 




791 

266 

1 32 1 

656 

134 

20 

693 

0 


• All roots stored at 33® C. were deeayeil by Rhizopus. 

* Totals obtained from the figures at the teiuiieratures at which lufecition octeurred. 
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Influence of Temperature on Growth of the Pathogens on Culture 

Media 

The fungus wa^ grown on carrot agar in 200-cc Erlenmeyer flasks. 
The flasks were inoculated by introaucing into each, with a sterile 
needle, a small piece of agar containing mycelium from a pure culture. 
About the same amount of inoculum was used in each flask. Ten 
flasks were incubated at each temperature. As each lot was inocu- 
lated the flasks were placed immediately at the various temperatures. 
The surface area of the fungus colony was used as a measure of the 
amount of growth. 

The highest temperature at which Sclerotinia sclerotiorum w^ 
observed to grow was 32.5® C. (Table 4.) No growth took place in 
3 days at 35®. This maximum temperature for growth corresponds 
closely with that obtained by Ramsey (IS) on potato-dextrose agar, 
where it grew very slowly at 32® and 33®. Maximum gi'owth 
occurred at 24® after 3 days. (Table 4.) A slight amount of 
growth occurred at 0.9® in 22 days in 2 flasks out of 10. No obser- 
vations were made at temperatures below 0.9®. Growth declined 
rapidly as the temperature rose above or fell below 24®. (Table 4.) 


Table 4. — Influence of temperature on the growth of Sclerotinia sclerotiorum on 
carrot agar in Erlenmeyer flasks 


Temperature 

(^0.) 

Period of 
exposure 

Colonies! 

&.S 

TemiHJrature 

C C.) 

1 ! 

Period of , rolonies ) ' 

exposure imeasurodj 

35 

Days 

3 

Number 

0 

Afm*" 

0 

12,. 

J}av» i Number j 

3 ' 0 ! 0 

32.6 

3 

(•>) 


12.. 

10 9 i 2,046 

30 

3 

to 

i,6i7 

2,442 

3,064 

2,430 

1,697 

773 

7.6 

10 ! (0 1 

26.6-. 

f 3 

10 

6.6. . , 

10 1 O' 0 

24 

3 

10 

7. 6 

22 i (•<) ! - - 

23.6 

3 

10 

5.6. 

22 ! 10 : 5:i6 

21.6 

3 

10 

2 .., 

22 i (•) 

19 

3 

10 

.9 


16.6 

3 

10 

309 


22 j (•) 

1 : 


• Mm> Is the abbreviation for square millimeter recently adopted for V. S. Government printing. 

^ Growth Just started in 1 flask. 

• Growth just started. 

• Growth covered flasks. 

• Growth Just started In 2 flasks. 

Influence of Temperature on Infection and Decay 

To obtain a uniform amount of inoculum for all the roots used in a 
^ven experiment and at the same time to confine the initiation of 
mfection to a definite area, so that a comparable quantitative measure- 
ment m^ be made of the decay produced at different temperatures, is 
more diflacult with a fungus like Sclerotinia sclerotiorum, which does not 
normally fruit on culture media, than with fungi that sporulate 
abimdantly. Bits of mycelium, no matter how obtained, are bound 
to vary. The same is true of bits of sclerotia, although a more uniform 
quantity of inoculum can be obtained by carefully slicing the sclerotia. 
For comparisons of the effect of temperature on the amount of decay, 
both mycelium and sclerotia have oeen found fairly satisfactory if 
large numbers of roots are used to eliminate the effects of individual 
variation. Mycelium inoculation yields a larger percentage of infec- 
tion, but fairly young sclerotia also yield a large percentage. 
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The results recorded in Table 5 were obtained from an experiment in 
which bits of sclerotia were used as the inoculum. The roots were 
thoroughly washed, a small piece of sclerotium (about 0.5 mm thick 
by 1 mm square) was inserted in the thickest diameter of each, and 
the roots were stored at the various temperatures in wire baskets 12 
inches in diameter and 12 inches deep. 


Table 5. — Influence of temperature on infection and decay of carrots inoculated 
with Sclerotinia scleroiiorum 

[Bits of sclerotiH about 0.5 mm thick by 1 mm S(}Uarc wem used as inoculum] 


Tem- 

iwraturo 

0.) 

Stor- 

age 

period 

32 

Dayn 

0 

28 

6 

25.5 

6 

23 

6 

20 

6 

1«.5 

6 

14. J 

6 

12. 1 

! 6 

1 


Boots 

used 


N timber 
80 
30 


34 

33 


33 

34 


Root.'* infocti'd 

'i 

!1 Tem- 
' Perawre 

Stor- 

age 

Roots 

used 

Roots infeelod 



wins: 

l»oriod 



Number Per cent 

Mmi 

Pays 

Number' Number 

Per cent 

0 

0 

0 ; 10... ... 

6 

31 

0 

0 

22 

73 

m j! 14. - . _ 

11 

33 

32 

97 

30 

01 

474 . 12 

11 

34 

28 

82 

28 

82 

541 ! 10 

11 

31 

20 

65 

30 

91 

504 ! 5 1 

11 

31 

0 

0 

32 

97 

463 5... 


31 

9 

29 

10 

48 

35 . 3.6... . 

41 1 

34 

2‘ 

6 

8 


11 < 

1 





Avor- 

m 

area of 
lesions 


Afm* 

0 

2i)5 

2K4 

68 

0 

283 

1.6 


The highest tenqieratiire at wlvich infection occurred in six days was 
28° C. It is not possible to hold carrots at temperatures above 28° 
except for a short period because of contamination and infection by 
other fungi. Ramsey {13) obtained negative results when young 
carrot roots were inoculated with Sclerotinia selerotioriim and exposed 
to a temperature fluctuating between 31° and 33° and averaging 32°. 
The maximum temperature for infection would therefore seem to be 
slightly lower than that for growth on culture media. Maximum 
decay was obtained at a temperature of 23° (Table 5), which corre- 
sponds closely to the optimum temperature (24°) for grow th on carrot 
agar. (Table 4.) The discrepancy of 1 ° may be accounted for by the 
different temperatures employed in the two cases. The rate of decay 
declined rapidly as the temperature rose above or fell below^ 23°. 

The lower temperature limit for infection has not been accurately 
determined, but it is sufficiently near the lower temperature limit for 
the storage of carrots to make its elimination by the manipulation of 
temperature impracticable, Ramsey {IS) has found that Sclerotinia 
scleroiiorum will infect bean pods at a temperature of 0° C. Infection 
of carrots with tliis fungus has been obtained at temperatures ranging 
from 0° to 1°. (Table 7.) Carrots can not be stored at temperatures 
much below 0° without danger of freezing, the freezing point being 
about -1.4° (15). 

If carrots contaminated with this pathogene are stored, it is pos- 
sible to check the losses by holding the temperature near 0° C., but 
it is not possible entirely to eliminate decay. The control of this 
disease should begin in the field. 
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Relation of Humidity to Infection* 

Ramsey {IS) states that moisture is an important factor in the 
infection of vegetables by Sclerotinia sclerotiorum. However, he pre- 
sents no data on the influence of air humidity on infection. 

In an experiment (Table 6) conducted for the purpose of studying 
the influence of humidity on infection, carrots (Danvers Half Long) 
grown in the vicinity of Canton, Pa., were used. The roots were 
obtained directly from the field, stored a few days in a cool basement, 
and incorporated in the experiment November 30, 1925. Only sound 
roots and roots relatively free from wounds were used. The roots 
were stored in chambers 7 by 9 by 10 feet high, provided with ven- 
tilation { 14 )f and all four chambe^rs were maintained at a temperature 
of 6.5° C. The relative humidities of these rooms were 95, 90, 80, and 
70 per cent, respectively. One 16-quart hamper of untreated roots 
was placed in each room as checks. Six hampers of carrots were 
inoculated with Sclerotinia sclerotwrum by dipping them in a suspen- 
sion of mycelium and carrot agar in water. The suspension was made 
by squeezing six 200-cc Erlenmeyer flasks of carrot-agar cultures 
(40 cc to the flask) through fine-mesh cheesecloth into 10 gallons 
of water. After inoculation the roots from four of the hampers were 
spread out carefully on the floor of a large room and dricHl with an 
electric fan. As soon as dry, one hamper of roots was placed in each 
of the four storage chambers. The two remaining hampers were 
placed without drying at relative humidities of 90 and 80 per cent, 
re^ectively. 

In the checks at 95 per cent relative humidity two roots became 
infected, indicating that there was some contamination of field origin. 

Table 6. — Influence of hnmidity on mfeciion of carrots inocvlated with Sclerotinia 
sclerotiorum and stored at 6.5^ C. 


Kelative humidity 
(per cent) 

Storage 

period 

Tnoculot 

Stored without drying 

>ed roots 

Stored after drying 

Ui 

Total 

itreated roots 

Infected 

Total 

Infected 

Total 

j Infected 


Days 

Number 

Numberl 

Per cent' 

Number 

Number 

1 

Per cent 

Number 

Number 

Per cent 

95 

47 


1 


41 

4 

10 

33 

2 

6 

90i 

47 

37 

7 

io 


1 

2 

1 37 

0 

0 

80 

47 

42 

3 

7 1 

30 

0 

0 

1 88 

0 

0 

70.., 

47 




42 

0 

u 

40 

0 

0 

V>6., 

104 



• 

41 

12 

29 

33 

2 

6 

00 

104 

37 

24 

m 

44 

2 

5 

37 

0 

0 

80 

104 

42 

10 

24 

30 

0 

0 

38 

0 

0 

70 

104 





42 

U 

0 

i 40 

0 

0 


Infection resulting from inoculation was much more marked in the 
roots stored in the wet condition than in the roots stored after they 
were dried. Not only was the percentage of infection higher in the 
former, but infection developed at a relatively lower percentage of 
humidity (80 per cent). This increased infection may have been 


• The results recorded in Tables 6, 27, and 35 were obtained from an experiment conducted at the Marble 
Laboretory (Inc.), Canton, Pa., through the courtesy of S. M. Marble, who was responsible for maintain- 
ing the temperature, humidity, and ventilation throughout the experiment. The results discussed re- 
garding ititi efh^ of humidity on infection of carrots by Baeiliiu earotssorus also were obtained in con- 
npcMm with this experiment. 
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influenced by two factors: (1) The greater amount of water present 
on the undried roots at the outset of the experiment and (2) the loss 
of some of the inoculum from the dried roots, due to the drying 
process and the handling incident to it, although the roots were han- 
dled carefully to avoid this. That this pathogene is sensitive to the 
amount of moisture present is shown by the reduced percentage of 
infection in the wet roots at a relative humidity of 80 per cent as 
compared with that at 90 per cent, as well as by the similar effect of 
the relative humidity on infection in the dried roots. 

Varietal Susceptibility to Infection and Decay 

To measure the relative susceptibility of 14 varieties of carrots to 
infection by Sclerotinia selerotiorunif three types of inoculum, two 
methods of inoculation, and three ciiteria of measurements were 
eniployed. 

The three types of inoculum consisted, respectively, of sclerotia, 
mycelium, and carrots decaying with Sclerotinm sclerotiorum. The 
method of inoculation with either sclerotia or mycelium was to insert, 
by means of a small scalpel, bits of the inoculum as nearly the same 
size as possible one-fourth to one-eighth of an inch deep in the thickest 
diameter of the roots. The method of inoculation with the third 
type of inoculuin was to place near the center of a quantity of carrots 
one decaying with the pathogene. The per(‘entagc of roots infected 
and the diameter of the lesions were used as measures of sus(‘eptibility 
in the experiments in which the roots were iiuxujlated with bits of 
mycelium or sclerotinm; the percentage of infection and the diameter 
of the nests that developed were the criteria of suscefitibility when 
the carrots were inoculated with a decaying carrot. There was one 
replication of each experiment involving each type of inoculum. 

The conclusions drawn from all the data obtained arc: (1) That 
all the varieties tested are readily susceptible to decay by Sclerotinia 
sclerotiorum'y (2) that, although there is some variation in the number 
of infections, the percentage of infection, and the degree of decay 
with the different varieties in a given experiment, these variations 
are not always paralleled in another experiment conducted as nearly 
as possible under the same conditions; and (3) that the amount of 
variation is probably not always a measure of relative susceptibility 
but is due rather to uncontrollable factors, such as kind and quantity 
of inoculum, size and shape of roots, variation in the viability of the 
inoculum, variation in susceptibility within a host variety, degree of 
wounding, and probably some unknown factoi-s. 

The results recorded' in Table 7 are submitted as an example of 
the relative susceptibility of 12 varieties at three different tempera- 
tures. The conclusions drawn from these data apply also to the 
two varieties Rouge demi-longue de Saint James and Rouge longue 
de Saint Valery, used in some of the other experiments but not in 
the present one. In tliis experiment the roots were inoculated by 
placing a decaying carrot in the center of a 12-quart wire basket of 
roots of each variety. All the roots were as nearly the same^ size 
as possible, and only sound roots that were fairly free from blemishes 
were used. Considering that in this experiment only one inoculation 
is involved in the case of each variety at each temperature and that 
variation in the size and shape of the roots and irregularity in the pack- 
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ing must of necessity exist in the different baskets, the results obtained 
in the number of infections, in the percentage of infection, and in the 
diameters of the nests are regarded as unusually uniform. Certainly 
all the varieties are readily susceptible and if there is any difference in 
their susceptibility it is of no practical consequence. The results of 
experiments previously described confirm this conclusion. 


Table 7. — Infection of IS varieties of carrots inoculated with Scleroiinia sclerotiorum 
and stored oi temperatures of 10^, owd 0° to C. for OS, 92, and 156 days, 
respectively 






Infection after- 

- 









92 days at 10° 

92 days at 4.5° 

155 days at 0° to 1° 

Variety 

1 







•s 




*0 


3 

Roots in- 

Extent of infection 

I 

Roots in- 


1 

Roots in- 



1 

fected 


1 

fected 

h 

i2 

1 

fected 

|i 

a 


No. 

No. 

P.d. 


No. 

No. 

P.ct. 

Mm 

No. 

No. 

P.ct. 

Mm 

Carter Early Market 

34 

21 

62 

Infection through- 

46 

15 

33 

112 

39 

4 

10 

40 

Carter Lour Forcing 

65 

60 

92 

do.... 

75 

16 

21 

76 

66 

4 

6 

40 

Carter Nantes... 





76 

19 

25 

108 

63 

7 

11 

50 

Carter Red Elephant 

‘52 

34 

65 

Infection through- 

52 

12 

23 

127 

65 

7 

11 

50 





out basket. 









Carter Scarlet Perfection.. 

44 

42 

95 

Ha 

52 

19 

37 

106 

43 

6 

14 

55 

Carter Summer Favorite 

52 

52 

100 

do 

52 

19 

37 

112 

55 

2 1 4 

45 

Danvers Half Long 

61 

44 

72 

do 

66 

18 

27 

102 

71 

6 

8 

35 

Rouge ft forcer PorTsienne 

79 

75 

95 

1 .do . 

69 

28 

41 

112 

74 

3 

4 

45 

Rouge demi-courte de 













Ouerande 

56 

55 

98 

do 

84 

24 

29 

102 

71 

4 

6 

50 

Rouge demi-lougue d’Amster- 













dam.. - - 

53 

45 

85 

^...do 

68 

32 


140 

55 

6 

11 

70 

Rouge demi-longue de Chan- I 













tenay 

43 

39 

01 

do ! 

48 

23 

48 

133 

57 

4 

7 

50 

Rouge demi-longue Nantaise. , . 

» 1 

53 

48 

91 

do...... 1 

1 

55 

19 

35 

112 

50 

4 


55 


RHIZOPUS SOFT ROT 

Species op Rhizopus Responsible por Decay 

Rhizopus tritici ® and R. nigricans are the only species of Rhizopus 
isolated from carrots by the writer. Other species may cause decay 
(3) under special conditions, but since these two species are the only 
ones obtained from a larce number of isolations, it is believed that 
they are the chief if not the only species that cause decay. 

Factors Appecting Distribution op Rhizopus Inpection at Dipperbnt 

Temperatures 


distribution in untreated roots 

The results recorded in Table 8 on the distribution of Rhizopus at 
different temperatures are representative (except for the qualifica- 
tions given in the text) of experiments conducted during different 
times of the year for a number of years. 

If sound, untreated carrots, directly from the field or after having 
been stored at 0^ to 2° C. for a time, are stored at different tempera- 
tures from 0® to 44®, infection by forms of Rhizopus usually occurs 
at about 16® to 44®. (Table 8.) The lower limit of this range varies 


4 SMdlic name irUtd m as bore need may easUy Indude trithl itself, Mtsoptu nodonu Namys., 
JR. afysoe Went and Pt. Geen^, and R. SeUtMf (B<dd.) Webmer and Banaawa, for no morphologUNU 
dMirieterisations are available by wbidb these sp^ee can be definitely separated. 
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somewhat, depending on the particular lot of carrots. As a rule the 
amount of infection is relatively small below 30°. Between 20° and 
25°, the number of infections is probably influenced by the infection 
and decay produced by Bacillus carotovoruSj which is often heavy. 
The absence of Khizopus infection at 24° in experiment 2, Table 8, 
may easily be accounted for by the B. carotovorus infection, which 
amounted to 94 per cent at the end of 19 days. Infection by Khizopus 
at temperatures below 20° is erratic in its occurrence, often not 
appearing at all during the marketable life of the roots and never 
in large amounts. In only two instances during nearly 10 years of 
experience in the storage of caiTots has the writer observed infection 
of uninoculated carrots by Khizopus at temperatures below 12°. 
At temperatures above 30°, infection by Khizopus is heavy and occurs 
in a very short time. 


Table ^.--Influence of temperature on infection of carrots by Hhizopus 
EXPEIUMENT 1 


Temperature (° C.) 

Relative 

humid- 

ity 

Duration 

Inoculated roots" 

Untreated roots 


of storage 

Total 

Infected 

Total 

Infected 


44 

Per cent 

Daye 

11 

Number 

54 

i 

Number ! Per cent 

6 ' 11 

Number 

66 

Number 

C*) 

Per cent 

41 

92 

11 

70 

(") 

(*) 

86 

(‘i 



35 

87 

11 

74 

01 

86 

78 

59 


76 

32 

78 

11 

62 

44 

71 

60 

26 


43 

24.6 

Wi 

22 

68 

1 

2 

70 

3 


4 

22.6 


22 

79 

0 

0 

68 

1 


2 

20. 

97 i 

1 22 1 

01 

1 

2 

81 

0 


0 

18 

90 1 

1 22 j 

! 60 1 

I 

2 

69 

0 


0 

14.6 .. 

95 I 

1 

i 69 i 

0 

0 

84 

0 


0 

11.6 .... 

95 

31 1 

> 59 1 

0 

0 

65 

0 


0 

10 . .. 

98 1 

1 31 { 

1 5:i ' 

0 

0 

66 

0 


0 

8 , . 

90 ] 

1 31 1 

1 67 ! 

0 

0 

74 

0 


0 

6. 1. 

100 ; 

31 1 

i 48 : 

0 

0 

66 

0 


0 

3 

100 1 

i »■! 

> 65 . 

1 1 

0 

0 

71 

0 

1 

0 


EXPERIMENT 2 (UNTREATED ROOTS) 


Temperature (® C.) 

Relative 

humid- 

ity 

Duration 
of storage 

Total 


Roots infected by— 


roots 

R. tritici 

R. nigricans 

36.5 

Per cent 
93 

Daye 

12 

Number 

43 

Number 

35 

Per cent 
81 

Number 

0 

Per cent 

0 

31 

91 

19 

48 

9 

19 

0 

0 

24.6.__ 

93 

27 

48 

4 

8 

0 

0 

24 

95 

19 

67 

0 

0 

0 

0 

21.6.. 

95 

27 

59 

6 

8 

0 

0 

19 

92 

27 

SO 

3 

6 

2 

4 

16.6 

91 

51 

63 

0 

0 

5 

8 

12.6 

95 

51 

48 

0 

0 

2 

4 

8 

91 

79 

47 

0 

0 

0 

0 

6.6 

95 

113 

45 

0 

0 

0 

0 

2 

94 

113 

45 

0 

0 

0 

0 

1 * 

91 

113 

61 

0 

0 

0 

0 









- - 


• The iaoculum consisted of a spore suspension of R. tritfei and R. nwricana. * # th.- 

^ Infection by Penicilliiun was so great at temperatures of 41® and 44 C. as to make a count of Khizopus 
Infection uncertain, except in the case given. 


EFFECT OF TIME 

The results recorded in Table 9 were compiled from data obtained 
in connection with experiment 2, Table 8, to show the effect of tune 
on infection. The period of time employed was governed not only 
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by infection by Rhizopiis but also by infection by Bacillus carotovorus 
and forms of Penicillium and Fusarium, which tends to complicate 
the problem and to make the selection of comparable periods imprac- 
ticable. The results recorded in Tables 8 and 9 show quite clearly 
that carrots are much more resistant to infection by Rhizopus at 
temperatures below 30° C. than above it. 


Table 9. — Influence of time and temperaiure on normal infection of carrots by 

Rhizopus 


Temperature (® C\) 

Rela- 

tive 

Roots 


Roots iufectod by Rhizopus after— 


humid- 

ity 

used 

4 days 

6 days 

Odays 

8 days ! 12 days 

19 days 

27 days 

61 days 

SR Ft 

Ptr cent 
93 
91 

Number 

4.3 

Per cent 
20 

Per cent 
44 

Per cent 
60 

Per cent' Per cent 
70 1 81 

i 

Per cent^Per cent 

Per cent 

31 

48 

2 

4 

4 

4 1 

if> 

19 



24.5 


48 

0 

0 

0 

0 1 

0 

4 

S 



21.6 

95 

69 

0 

0 

0 

0 1 

2 

3 

8 



19 . 

92 

50 

0 

0 

0 

0 ; 

0 

2 

10 

.. 

16.5 

91 

03 

0 

0 

0 

0 

0 

0 

8 

8 

12.6 

96 

48 

0 

0 

0 

1 

0 i 

1 

0 

0 

0 

4 


The separate distribution of Rhizopus tritici and R. nigricans will 
be discussed later. 

EFFECT OF INOCULATION 

If carrots are inoculated by being dipped in a spore suspension of 
Rhizopus tritici and R. nigricans^ the percentage of infection in a given 
period is usually greater than that of uninoculated roots. (Table 8, 
experiment 1, and Table 10.) 

Table 10. — Infection at various temperatures of wounded and unwoundvd carrots 
' by Rhizopus 

ROOTS inoculated WITH R. TRITKT 


Tempera- 
ture (®C.l 

Ston\ge 

period 

Wounded roots 

Un wounded roots 

Total 

Number 

16 

16 

15 

16 
15 
15 

In- 

fected 

Isola- 

tions 

Organism isolated 

Rhizopus tritici... 

do 

Total 

In- 

fected 

Isola- ! Organism 
tions 1 isolated 

32 

26 

19 

16.5 

Dave 

20 

20 

32 

32 

32 

32 

Number 

14 

5 

1 

0 

0 

0 

Number 

12 

5 

0 

U 

0 

0 

Number 

15 

16 
16 

15 

16 
16 

Number 

14 

1 

1 

0 

0 

0 

Number 

9 

1 

1 

S 

H. tritici. 

Do. 

Do. 

8 



5.6 - 







ROOTS INOCULATED WITH R. NIGRICANS 


32 

20 

16 

10 

8 

Rhizopus tritici... 

16 j 

6 

3 

R. tritici. 

26 

20 

15 

4 I 

0 


16 

0 

0 


19 

32 

16 

I 

0 


16 

0 

0 


16.6 

32 

16 

0 ' 

0 


16 

0 

0 


8 

32 

16 

0 1 

1 0 1 


16 1 

0 

0 


6.6 

32 

16 

0 1 

1 0 


16 j 

0 

0 





1 



1 





roots inoculated with R. TRITICI PLUS U. NiaRICANS 


$ 2 ^ 

20 

16 

11 

9 

R. tritici.. 

16 

16 

10 

R. tritici. 

^ 

20 

15 

1 

1 

do 

16 

0 

0 

19 

32 

16 

1 

1 

R. nigrleans 

16 

0 

0 


8 

32 

16 

0 

0 


16 

0 

0 


6,5 

82 

16 

0 

0 

1 

> 15 

0 

0 







1 

1 
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Table 10.- 


-Infection at various temperatyres of wounded and unwoundcd carrots 
by Rhizopus— Continued 


UOOTrt NOT INOCULATED 


Tempera- 
ture rr.) 


32-- 
26. . 
19-- 
H 

5.5.. 




W oundod 

Storage 



. 

period 

Total 

In- 

fected 

Isola- 

tions 

Days 

Nvmher 

Number 

Nu mber 

20 

16 

4 

4 

20 

15 

0 

0 

32 

15 

0 

0 

32 

15 

0 

0 

32 

15 

0 

0 


Unwounded roots 


Organism isolated { Total 

. . . I 

\xvmher\ 

R.tritici 15 

15 

■ 15 

; 15 

. . - -i 15 


In- 

Isola- 

fected 

tions 

Nu miter 

Number 

A 

r, 

0 

0 

0 

0 

0 

0 

0 

0 

1 


Organism 

isolated 


U. tritici. 


Ino(‘iilation by dipping in a spore suspension sometimes seems to 
lower the temperature limit for infection. In the roots in experiment 
1, Table 8, inoculated with Rhizopus nigricans and R, tritici^ and in 
roots (only the unwounded roots are considered in this comparison) 
inoculated with R. tritici alone (Table 10), infection was obtained at 
a slightly lower temperature than in the uninoculated roots. On the 
other hand, in roots inoculated with R. nigricans alone and wdth 
R, tritici plus R. nigricans the lowest temperature, 32° C. (Table 10), 
at which infection occurred was the same as in the uninoculated roots. 
Infection has even occurred at a lower temperature, 12.5°, in uninocu- 
lated roots in one experiment (Table 9) than in inoculated roots in 
another, 18° (experiment 1, Table 8). Aside from the difference in 
the history of the two lots, there is some difference in the temperatures 
and periods of time employed, thus making a direct comparison 
impracticable. The foregoing results justify the conclusion that 
natural inoculation, so far as the lower temperature limit for infec- 
tion is concerned, is not a limiting factor in some lots of carrots stored 
directly from the field, and emphasize the uncertainty of Rhizopus 
infection at temperatures below 20°. By employing the extreme 
conditions involved in the ‘‘weir^ method of inoculation^ (4), it is 
possible to alter either the normal limits of infection by R. tritici and 
R. nigricans or the limits obtained by inoculation with a spore sus- 
pension. The lower temperature limits of infection by both patho- 
genes may thus be lowered and the upper limit of R. nigricans raised, 
until the temperature limits of infection are almost as wide as the 
temperature limits of growth. The results obtained by this method 
of inoculation will be discussed later. 


EFFECT OP WOUNDING 

The data recorded in Table 10 are from one of thiee experiments 
conducted to determine the effects of woimding on the infection of 
carrots by Rhizopus at different tcniperatures. A different type of 
wounding was employed in each experiment: (1) Scraping the skin 
off the root with a knife, (2) striking the root on the side of a wire 
basket, and (3) cutting a small slice off each root. The last-named 
type of wounding was used in the experiment reported. In the unre- 
ported experiments the wounded and unwounded roots were inocu- 
lated by (Upping them in a mixed spore suspension of Rhizopus tritici 


?The well method of inoculation consists In placmg a 24 to 48 hour old test-tube culture of the organism 
on liquid medium in a “ weH" in a root one-half to 1 Inch deep. This is made with a H-inch cork borer 
and the opening is plugged with cotton aftw inoculation. 
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and R, nigricans. In the present experiment three spore suspensions 
were used: R, triiid alone, R, nigricans alone, and a mixed suspension 
of the two pathogenes. 

The suspensions were prepared by pouring water on cultures of the 
pathogenes in Erlenmeyer flasks, shaking the flasks to free the spores, 
and then pouring the suspension through cheesecloth into a larger 
volume of water to remove as far as possible the mycelium present. 
The three spore suspensions were made up separately, so that the 
dosages are not necessarily comparable in the lots inoculated with 
the different suspensions; but they are comparable in the wounded 
and unwounded roots inoculated with a given inoculum. The 
checks consisted of uninoculated wounded and unwounded roots. 

At temperatures of 19°, 25°, and 32° C., the only temperatures 
at which any infection occurred (Table 10), 52, or 29 per cent, of 
the 180 wounded roots became infected, as compared with 42, or 23 
per cent, of the 180 un wounded roots. The margin of infection in the 
wounded over the unwounded roots was not large (6 per cent), and in 
two cases the percentage of infection was greater in the un wounded 
lots. 

The results of the three experiments show a somewhat greater 
percentage of infection in the wounded than in the unwounded car- 
rots, there being exceptions in particular lots. In some instances 
infection occurred at lower temperatures in wounded than in un- 
wounded roots. 

Tsmperatttkes at Which Rhizopxts Nigricans and R. Tritici Produce 

Infection 

From the data recorded in Table 8 (experiment 2) and Table 10, it 
appears that 19° C. is near the dividing line between temperatures at 
which infection is ptoduced by Rhizopus tritid on the one hand and R, 
nigricans on the other. R, tritici was obtained in all the isolations 
made from infected roots stored at temperatures above 19°, while R, 
nigricans was obtained from infected roots stored below 19°. These 
results were confirmed by another experiment made under the same 
conditions as experiment 2, Table 8. 

The foregoing results indicate that, although the amount of inocu- 
lum on stored carrots as well as the presence of wounds may increase 
or otherwise influence infection bj^ Uhizopus tritici and R. nigricans y 
artificial inoculation and wounding are not essential to infection. 
Carrots are very susceptible to decay at temperatures above 30°, 
much less susceptible between 20° and 30°, and highly resistant below 
20°. Carrots are highly resistant to attack by R, nigricans under all 
circumstances. 

Effect of Temperature on Infection and Quantity of Decay 

The well method was einployed to determine the temperature 
ranges at which Rhizopus tritid and R, nigricans are able to infect 
carro|ei and to measure the ii^uence of temperature on the quantity 
of during certain periods of time. 

3|iots of the Danvers Half Long variety were washed in soapy 
jygter, rinsed in tap water, and dried in the laboratory. Some were 
by introducing 48-hour-old cultures of Rhizopus nigricans, 
gcown.in 2.5 c c of carrot decoction in test tubes at room temperature, 
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into wells made in the thickest diameter of the roots, and others by 
using cultures of R. tritici of the same age and grown under the same 
conditions as the former species. The wells were plugged with sterile 
cotton and the roots then exposed to the various temperatures. After 
decay had advanced sufficiently, the carrots were vreighed, the decay 
removed, and the undecayed portion weighed again. The amount of 
decay at each temperature was obtained by subtracting the second 
weight from the first. 

A number of experiments w^ero made with each pathogene, the 
results of which are recorded in Tables 1 1 and 12. 


Table 11 . — Influence of temperaiure on infection and decay of carrots inoculated 

unih Rhizopus irilici 

(20 rents used in all cases] 


Temiierature 

rr.) 


35.6 

33.5 . 
32-_. 

50.. . 
28. .. 

24.5 . 

23.. . 

20 .. . 


Storage 

IHirind 


JJnyit 


Uoots in- 
fected 


Decay 


Numbrr 
20 
20 
20 I 
20 ; 
20 ' 
20 ! 


Gramf 

283 

.388 

.341 

33.5 

218 

101 

121 

80 


Temperature 


18.5 

15 

11.5__ 

».5__ 

8 

8 

.5 

2.5. 


Storage I Uoots in- 
I)eriod ' fected 


Dayg 


Number \ 
20 I 
20 
20 
20 , 
0 


Decay 


.50 

20 

II 

8 

0 

51 

0 

0 


Table 12 . — Influence of temperature on infection and decay of carrots inoculated 
with Rhizopus nigricans 


(20 roots used in all cases] 


Teiiiiwature 

.Storage 

})erjo<l 

Hoots in- 
fected 

Decay ; 

Temperature 

rc.) 

Storage : 
period i 

KrH)ts in- ! 
fected j 

Dec-iy 

35. . . 

Daym 

2 

Number 

4 

Gramn | 
(«) 

91 

18.5 

Daytt 1 
2 ; 

Number 

20 

Qramx 

249 

3.3.5 

2 

2(P 

13 

2 ! 

20 , 

150 

31.5 .. ..i 

1 2 

20 1 

292 

12 - 

2 ; 

20 

34 

28.5 i 

2 

20 i 

420 

9.5 

2 ' 

20 , 

22 

28 i 

i 2 

20 ! 

482 

8 i 

2 i 

10 

(*) 

24.5 -.1 

! 2 

20 i 

405 


2 i 

0 1 

0 

22.5 i 

i 2 

20 ! 

419 

5 

13 . 

0 

0 

20 1 

i 

1 2 

20 : 

225 

2. . 


0 ' 

1 

0 


Just started. Decay at this temperature was due to Rhizopus tritici. 
^ Six just started. 


It will be seen that both Rhizopuft tritici and R. nigricans are 
capable of infecting and decaying carrots over a far wider range of 
temperatures under the conditions of these experiments than under 
the conditions of the preceding experiments. The obvious differences 
in the factors operating in the two sets of experiments are the degree 
of wounding; the amount of inoculum in a given area; and the pres- 
ence of a medium, in the form of carrot decoction, in the wells in the 
latter experiments as compared with its absence in the former. 
An enzyme® also may have been present in the carrot decoction to 
act on the carrot tissue ahead of infection. 

It is believed that the degree of wounding was not a limiting factor 
in the earlier experiments, for carrots have often been subjected to 


* Observations bave shown that the action of Rhizopm tritici and R. niyrieans is the same on carrots as 
on sweetpotatoes (D. This action consists lar^y in dissolving the middle lameUae through the agency of 
peottnase secreted by the pathogenes. 
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various degjrees of wounding, dipped in a spore suspension of either 
species of Rhizopus, and exposed to temperatures below 20° C., with 
ve^ little resulting infection. 

The presence of a greater quantity of inoculum and culture medium 
in the wells seems to be the factor operating in the present experi- 
ments to overcome the resistance of the roots at temperatures at 
which they are normally resistant. 

By the end of two days the amount of decay caused by Rhizopus 
tritici (Table 11) increased from 0 g at 8° C. to 388 g at 33.5° and 
decreased progressively as the temperature rose above 33.5°. In a 
supplementary experiment, the maximum amount of decay was ob- 
tained at 35.5° and declined as the temperature rose. Some decay 
occurred at 42°. At 44° the roots showed evidence of injury and 
were badly infected with Penicillium. Active decay has been found 
a number of times at a temperature as low as 8°, and R. tritici has 
been isolated from the decay at this temperature. Below 8°, if 
decay begins at all, it tends to dry up. The lowest temperature at 
which decay by R. tritici has been observed is 5°. This minimum is 
slightly higher than that (3.5°) observed in sweotpotatoes (^9). 

After two days the amount of decay prodiu^ed by Rhizopus nigri- 
cans (Table 12) increased from 0 g at 5° C. to a maximum of 482 g at 
28° and decreased progressively as the temperature rose above 28°. 
It was not possible to determine the maximum temperature for 
infection of carrots by R. nigricans , because of the invasion of R. 
tritwif which infects carrots readily at a temperature of about 35°. 
In fact it is quite probable that some of the decay at 31 .5° and 33.5° 
was due to R. tritici. A large percentage of the isolations made from 
carrots inoculated as in this experiment have yielded R. tritici. In 
the present case R. tritici alone was obtainea at 35°. Isolations 
were not made frOm roots stored at the other temperatures. The 
lowest temperature at which decay by R. nigricans has been found 
is 8°. 

Rhizopus Infection in Carrots and Sweetpotatobs 

A comparison of infection of carrots and sweetpotatoes {9, 10) by 
species of Rhizopus brings out some interesting differences and 
similarities. 

(1) Fresh wounds are almost invariably essential to infection of 
sweetpotatoes at temperatures below 33° C. Some infection will 
occiir without wounding above 33°. Wounds have very little effect 
on infection of carrots at any temperature. (2) Some change takes 
place in sweetpotatoes when exposed to temperatures above 33° that 
makes them fairly susceptible to decay without wounding. Some 
change takes place in carrots when exposed to temperatures above 
30° tnat makes them very susceptible to decay. (3) Rhizopus tritici 
and R. nigricans cause most if not all the decay in both cases. (4) 
The total temperature range at which Rhizopus has been found to 
infect carrots (0°~2° to 44°) and that at which it infects sweetpotatoes 
(3.5° to 44°) are almost identical. The difference in the two cases is 
probably due to differences in the temperatures employed in the two 
sets of experiments and possibly to complications introduced by the 
effects of other fungi on sweetpotatoes at temperatures near 3.5°. 
(5) jB. tritici causes practicallv all the decay of carrots, whereas R. 
ni^^cans causes most of the decay of sweetpotatoes, largely because 
sweetpotatoes as a rule are held at temperatures below 20° at which 
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R. nigrwam normally causes all the decay. R. tritwi causes all the 
decay of sweetpotatoes above 32°, and the infection is divided between 
the two species at temperatures between 20° and 32°. (6) The 

normal range of temperature at which R. tritirl infects wounded and 
un wounded carrots extends from about 19° to 44°, and the range at 
which it infects wounded sweetpotatoes is from 20° to 44°. (7) 

Wounded sweetpotatoes at temperatures below 26° are very sus- 
ceptible to infection by R. nigricans ^ whereas wounded or un wounded 
carrots are highly resistant to infection by this pathogene. (8) The 
resistance of sweetpotatoes to infection by Rhizopus resides in the 
skin and healed-over wounded surfaces, and fresh wounding removes 
this resistance (/i); whereas the resistance of carrots to infection by 
Rhizopus is affected very little by wounding. The normal resistance 
of sweetpotatoes to infection by R. iritici at temperatures below 20° 
is broken down when the roots are inoculated by the well method; 
the resistancic of carrots to R. tritici at temperatures below 20° and 
to R. nigrimns at temperatures from 8° to 33.5° is broken down when 
the roots are inoculated by the well method. 

Varietal Susceptibility to Decay 

SUSCEPTIBILITY TO RHIZOPUS NIGRICANS 

1 1 has already been shown that either the Danvers Half Long variety 
is normally resistant to infection and decay by Rhizopus nigricans 
or that this pathogene is not well equipped to infect the roots under 
normal conditions. The following varieties of carrot have been found 
to be susceiitible when inoculated by the well method with 24-hour 
to 48-hour cultures grown in 2.5 c c of carrot decoction in test tubes, 
plugged with cotton, and stored at tem])eratures fluctuating from 
10° to 15° C.: Blanche a collet vert (hors terre), Blanche lisse demi- 
longue, C'^arter Early Market, Carter Long Forcing, Charter Nantes, 
(barter Red Elephant, Charter Scarlet IVrfection, Carter Summer 
Favorite, Danvers Half I^oiig, Rouge demi-longue de Danvers, Jaune 
obtuse dll Doubs, Rouge ii forcer Farisienne, Rouge derni-courte de 
Giierande, Rouge demi-longue d^ Amsterdam, Rouge demi-longue de 
Chantenay, Rouge demi-longue Nantaise, and Rouge longue de 
Saint Valery. The degree of susceptibility does not seem to vary 
greatly under these conditions. 

During one to four different seasons all these varieties were stored 
at temperatures ranging from 0° to 15.5° C. The only infection 
recorded, aside from that of Danvers Half Long by Rhizopus, was 
on Rouge demi-longue de Danvers held at a temperature of 10° during 
the season of 1926-27, when about 5 per cent of the stock stored (a 
little more than a peck) was decayed. This variety w^as stored the 
two preceding seasons without infection by Rhizopus. This variety 
is really a strain of Danvers Half Long, and in general there has been 
found very little difference between the tw o in their reaction to disease. 
Although no isolations were made from these roots, because they were 
completely decayed at the time of the inspection, it is believed, because 
of earlier experience, that the decay was duo to R. nigricans. In any 
case, the varieties listed above probably can safely be stored at 
temperatures below 15° without much danger of infection by R. 
nigruans. 

130048—32 2 



878 


Journal oj AgricvUural Research 


Vol. 44, No. 12 


SUSCEPTIBILITY TO RHIZOPU8 TBITICI 

In two experiments conducted to determine the susceptibility of 
16 varieties of carrots to infection and decay by Rhizopus trUicij 
the roots were inoculated by dipping them in a spore su^ension, 
after which they were storecl at a temperature of 30° C. The per- 
centage of infection in most varieties was larger in the second experi- 
ment (Table 13) than in the first in spite of a shorter storage period. 
This difference was probably due in part to the heavier spore sus- 
pension used in the second experiment. All 16 varieties were found 
to be susceptible. There was considerable variation in the percent- 
age of infection in the different varieties in a given experiment, but 
the variation was not always parallel to that of the other experiment. 
Moreover, the degree of variation in a given variety in the two 
experiments was sometimes as great as the variation in the different 
varieties in the same experiment. It is believed, therefore, that 
there is not a marked difference in the susceptibility of the varieties. 


Table 13 . — Infection in 16 varietien of carrote inoculated by dipping in a spore 
suspension of Rhizopus tritici and stored at 80^ C. 



Experiment 1 


Experiment 2 


Variety 


Roots infected after— 


Roots infected after— 


Total 





Total 





roots 





roots 






7 days 

16 days 


3 days 

8 days 


Num- 

1 

NuM') 

Per 

JVttTO- 

Per 

Num- 

Num- Per 

Num- 

Per 


her 

her , 

cent 

her 

cent 

hej^ 

her cent 

her 

cent 

Blanche ft collet vert (hors terre) 

32 

ft i 

19 

16 

50 

21 

16 71 

16 

76 

Blanche llsse demMongue 

30 

1 ! 

3 

21 

70 

22 

14 64 

19 

K6 

Carter Early Market — . - -i 

70 

10 

14 

34 

49 

68 

10 17 

30 

.62 

Carter Nantes - . 41 . 1 

70 

9 , 

13 

48 

6^ 

1 44 

26 69 

37 

84 

Carter Red El^haut . .. i 


H . 

16 

24 

47 

47 

21 46 

36 

77 

Carter Scarlet Perfection 

48 

2 : 

4 

17 

35 

1 30 

13 43 

22 

73 

Carter Summer Favorite - ! 

42 

13 i 

31 

37 

88 

1 23 

14 61 

20 

87 

Danvers Half Long.. 

fll 

7 ’ 

11 

36 

69 

i 48 

17 .36 

40 

83 

Rouge domi-longue de Danvers 

66 

26 i 

46 

46 

82 

1 33 

13 39 

32 

97 

Jaune obtuse du Doubs 

38 

4 ! 

11 

21 

66 

33 

17 62 

19 

68 

Rouge ft forcer Parisienne 

86 

63 1 

62 

84 

98 

29 

7 24 

22 

76 

Rouge demi-courte de Guftrande 

48 

13 1 

27 

46 

94 

32 

14 44 

30 

94 

Rouge demMongue d’ Amsterdam.. 






41 

14 34 

38 

93 

Rouge demidongue de Chantenay 

67 


18 

36 

63 

33 

19 68 

27 

82 

Rouge demMongue Nantaise — | 

1 63 

U ! 

17 

36 

57 

30 

7 23 

25 

83 

Rouge longue de Saint Valery 

65 


24 

29 

63 

40 

21 53 

26 

66 


In two other experiments with these same varieties the roots, 
after being washed in soap and water, rinsed in tap water, and 
dried in the laboratory, were inoculated by introducing a 48-hour 
culture of Rhizopus trilici into wells. The wells were made in the 
thickest diameter of the root, penetrated to the center, and were 
plugged with cotton. Twenty roots of each variety were employed 
m each experiment. All the varieties were stored in wire baskets 
under the same conditions in a room 8 feet square and 10 feet high, 
provided with ventilation at a temperature of about 23° C. After 
two days in the first experiment and three days in the second, the 
roots of each variety were w^^eighed separat^, the decay removed, 
and the undecayed portion weighed again, xhe weight of the decay 
was obtained by subtracting the second weight from the first. 

^ The percentage of infection in Iwth emeriments was 100, except 
in the case of the variety Bouge demi-iongue de Chantenay, m 



June 16, 1032 Development of Storage arid Ttftnsii Diseases of Carrot 879 


which one root in one experiment remained uninfected during the time 
employed. 

Although there is some variation in the amount of decay in the 
different varieties in a given experiment, the variations do not always 
correspond in the two experiments. Nor is the difference in the 
amount of decay in the several varieties large enough to indicate 
marked resistance on the part of any. 

The results of the two types of experiments show that all the 
varieties are very susceptible to infection by Rhizopus tritici under 
the same conditions as those under which Danvers Half Long was 
found to be readily susceptible, that is, when the roots are inoculated 
with a spore suspension and stored at a temperature of 30° O. and 
above, and when they are inoculated by the well method. 

BACTERIAL SOFT ROT (SLIMY SOFT ROT) 

Bacillus carotovorus is always present to some extent on vegetables 
in storage and transit. In addition to decaying carrots in storage 
and transit, it intermittently occasions losses by attacking the roots 
in the field. Decay in the field seems to depend on rather special 
conditions, such as high temperature combined with a high water 
content of the soil following a severe atta(‘.k of blight {Macrospor- 
ium carotae Ell. and Langlois). Although its presence in storage and 
transit as wtII as the amount of loss it produces may be influenced 
by its occurrence in the field, it is not absolutely dependent upon 
such occurrence. 

The Pathogene 

In the experiments in w^hich the carrot roots were inoculated, 
(he Jones 3 A strain oi Bacillus mrotovorus was employed. In the 
temperature and infection experiments in which no ino(*ulum was 
used, it is assumed that all the bacterial decay that occurred, except 
at temperatures of 38° to 40° C. and above, was due to B. enrotovorus. 

Method or Infection 

According to Jones (f?), infection of carrots by Bacillus carotovorus 
does not normally occur through the unbroken skin. Unfortunately 
the skin is not continuous over the entire surface of the roots. Its 
continuity is interrupted by the wounds produced by harvesting 
operations, including injury to root tips and secondary roots. These 
wounds permit of a certain amount of infection whenever conditions 
of temperature and moisture are favorable. (Tables 14 and 15.) 


Table 14 . — Normal infection by Bacillus carotovorus of wounded and unwounded 
carrots stored at various temperatures for 5/ days 


Temperature (® C.) 

Wounded roots 

Unwounded roots 

Total 

Infected 

Total 

Infected 


Number 

1 

Number' 

1 

Per cent 

Number 

Number 

Per cent 

24 

64 

68 

01 

76 

60 

67 

22.6.. - 

71 

18 1 

25 

81 

18 

22 


66 

20 j 

30 


10 

13 

17.6 

73 


7 

76 

2 

3 


78 

®i 

0 

78 

0 

0 

Total • - 

274 

101 j 

1 

37 

307 

80 

26 


• TaKen ftom results at temperature at which infection occurred. 





880 


Journal of Agrijcvltural Research 


Vol. 44, No. 12 


Table 15. — Influence of temperature and humidity on infection of uninoculated 
carroU hy Bacillus carotovorus 



F 

xporiment 1 • 



Experiment 2 ^ 

Tem- 

perature 

(“C.) 

Rela- 
tive hu- 
midity 

Stor- 

age 

jieriod 

Roots 

used 

Roots infected 

Tem- 

per- 

ature 

(®C.) 

Rola- 
tlvo hu- 
midity 

Rtor- 

peXd 

Roots 

used 

Roots infected 


Per cent 

Days 

Number 

Number 

Per cent 


Per cent 

Days 

Number 

Number 

Per cent 

41 

02 

3 

1 86 

0 

0 

36.5 

03 

12 

43 

3 

7 

35 

57 

11 

! 78 

3 

4 

31 

01 

10 

48 

12 

25 

32 

78 

13 

! 60 

1 

2 

24.5 

02 

27 

48 

32 

67 

24.5 

06 

22 

i 70 

41 

.59 

24 

02 

19 

57 

.54 

05 

22.5 

03 

22 

' .58 

14 

24 

21. 5 

05 

27 

50 

25 

42 

20- 

07 

22 

81 

13 

16 

10 

02 i 

1 27 

50 

18 

36 

18 

06 

22 

60 

10 

14 

1.5. 6 

; 01 ; 

51 

m 

11 

17 

14.6 

05 

22 

1 84 

0 

0 

12. 5 

05 : 

1 51 

48 

7 

15 

11.5 

05 

22 

j 65 

0 

0 

8 

01 

70 

47 

0 

0 

10 

08 

31 

56 

0 

0 

6 5 

05 1 

113 

45 

0 

0 

8 

00 

31 

74 

0 

0 

2 

04 i 

i 113 

45 

0 

0 

6 

100 

31 

66 

0 

0 

1 

01 ; 

113 

61 

0 

0 

3 

100 

31 

71 

0 

1 

0 


i 

1 


[ 




• Roots exposed to various tomiieraturos after being stored at a temperature ofO® to 2® C., from Nov. 1 to 
Mar. 4. 

> Newly dug roots exposed to various temperatures. 


Wounding and Infection 

Normally the range of temperature extending from 15° to 25° C., 
and particularly temperatures above 20°, are favorable to infection 
of carrot by Bacillus carototiorus. A quantity of unwounded roots 
and roots wounded by being struck tnree times against the blunt 
edge of a wire basket were stored without inoculation for 31 days 
at a number of temperatures from 15° to 24°, inclusive. The 
wounded roots showed a higher percentage of infection than the 
unwounded roots at all temperatures at which infection occurred. 
(Table 14.) These results indicate that, although wounding in- 
fluences infection, heavy infection may take place in the absence of 
fresh wounding. 

Temperature Relations 

GROWTH OP THE PATHOOENB 

Jones {6) found the maximum temperature for growth of Bacillus 
carotovorus on culture media to be slightly below 39° C. Very little 
growth took place in 20 days at temperatures ranging from 0.6° to 1°. 
Some growth took place at 2° in 24 hours. The optimum tempera- 
ture for growth was reported to be approximately 27° to 30°. 

EXPERIMENTS ON INFECTION AND DECAY 

Three types of experiments were employed in the study of the 
relation of temperature to the infection and development of decay by 
Bacillus carotovorus. In type 1, sound untreated roots were stored 
at a series of temperatures in infection chambers and storage rooms; 
in type 2, a root decaying with B. carotovorus was placed at or near 
the center of a quantity of sound roots and the roots were stored at 
various temperatures; in type 3, the roots were inoculated by the well 
method and stored at various temperatures. The objects of the 
thrf^ types of experiments were as follows: Type 1, to detennine the 
noimal temperature range for infection and decay and the time 
r^uired for infection to occur; type 2, to study the effects of con- 
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tamination by decaying roots on infection and decay at various 
temperatures; and type 3, to measure the influence of temperature on 
the quantity of decay at different temperatures. 

Type 1 . — The behavior of carrots stored at different temperatures 
in regard to infection hy Bacillus carotovorus within any given period 
of time is not always uniform either in the range of temperatures at 
which infection occurs or in the amount of decay present. Aside 
from the effects of temperature and wounding, the extent of decay is 
probably influenced by the following factors: The particular lot of 
carrots stored, the amount of contamination, the humidity of the 
storage room, and decay by other pathogenes. 

The difference in behavior of different Tots of carrots and the effects 
of decay by other pathogenes on decay by Bacillus carotovorus will 
become obvious as the discussion continues. It is a matter of general 
observation that roots contaminated because of field infection are 
more likely to decay than roots from uncontaminated fields. A high 
humidity in the storage room seems to favor infection, although there 
are no data available to show its exact relation to infection. 

The results given in Tables 15 and 16 are submitted as examples 
of what may happen in regard to infection by Bacillus carotovorus if 
roots are stored at a range of temperatures from to 41° C\ 

In experiment 1 (Table 15) the roots were placed at the various 
temperatures after having been stored at a temperature of 0° to 2° 
from November 1 to March 4, while those in experiment 2 were 
stored at the various temperatures at harvest time. Aside from the 
difference in the age of the roots at the time of storage, the conditions 
of the two experiments are not entirely parallel. Tlierc arc difl'er- 
ences in temperature, humidity, and time. The differences in tem- 
perature are not believed to be of any importance. The low humidi- 
ties at the temperatures of 82° and 35° in experiment 1 of Table 15 
may possibly operate to reduce the percentage of infection. The 
temperatures and relative humidities between 15° and 25° employed 
in the two experiments are sufficiently alike to be fairly comparable. 
At these temperatures there is a difference in time of three days 
between experiment 1 (Table 15) and the 19-day period in Table 16. 
At these temperatures the percentage of infection in newly dug 
carrots in 19 days (Table 16) was in most instances about the same 
as in the older roots in 22 days, and at 24° the newly dug caiTots 
showed a much larger percentage of infection than was shown by the 
older roots at the nearest corresponding temperature. (Table 15, 
experiment 1.) These data indicate at least that the roots do not 
necessarily increase in susceptibility with age. The lower limits for 
infection in the periods of time considered were about the same. 
The percentage of infection over the entire infection range in the two 
experiments was undoubtedly influenced by infection by Rhizopus 
and Fusarium, especially the former. Infection by any one of these 
organisms always shows some variation in amount. Consequently 
any variation in the percentage of infection by one would tend to 
cause a variation in the others. 



882 


Journal of AgricvUural Research 


Vol. No. 12 


Table 16 . — Influence of time on infection of uninocidated carrots by Bacillus 
carotovorus at various temperatures 


Temperature 

C.) 

Rela- 

tive 

humid- 

ity 

Roots 

used 

Roots Infected afrer— 

4 days 

5 days 

6 days 

8 days 

12 days 

19 days 

27 days 

51 days 


Per cent 

Number 

Per cent 

Per cent 

Per cent 

Per cent 

Per cctU 

Per cent 

Percent 

Per cent 

36.fi 

93 

43 

0 

2 

5 

7 

7 




31 

91 

48 

0 

6 

6 

6 

21 

25 



24.6 

93 

48 

0 

2 

2 

2 

17 

64 

67 


24 

96 

57 





64 

96 



31.5 

96 j 

59 

0 

2 

2 

2 

8 

16 

42 


19 

92 

50 

0 

0 

0 

0 

6 

14 

36 


15.5 

91 j 

63 

0 

0 

0 

0 

0 

0 

5 

J7 

12.5 

95 

48 

0 

0 

0 

0 

0 

0 

0 

15 


Uninoculatod carrots have been infected by Bacillus carotovorus 
at temperatures from 0®-2® to 36.5® C. (Table 15, experiment 2, and 
Table 17.)® In only one year has bacterial soft rot been observed at 
a temperature of 0® to 2® during nine years of storage of the Danvci-s 
Half Long variety taken directly from the field. After 131 days of 
storage the percentage of infection was 0.2 in this variety but reached 
as high as 8 in one other variety. 

Table 17 . — Normal infection by BaciUus carotovorus of the Danvers Half Long 
variety of carrots stored at several temperatures and humidities during four 
seasons 


Storage season | 

1 

Temper- 

ature 

Relative 

humidity 

Storage 

period 

Roots 

used 

Roots Infected 



Per cent 

Days 

Number 

Number 

Per cent 


10 

80-96 

102 

1,288 

80 

6 


7 

80-96 

102 

1,190 

9 

0.8 


4.5 

76-83 

102 

1,020 

0 

0 


0-2 

91 

102 

1,412 

0 

0 


10 

75-85 

121 

437 

58 

13 

1925-26 

7 

75-86 

121 

411 

3 

0.7 


0-2 

90 

121 

886 

0 

0 


15.6 

90 


00 

22 

33 


10 

80 

99 

68 

11 

19 

1926-27.-. - . 

4.5 

70 

165 

52 

0 

0 

1 

0-2 

90 

131 

192 

0 

0 


0-2 

90 

131 

978 

2 

0.2 


12.5 

91 

50 

121 

53 

44 


12.6 

91 

70 

267 

205 

77 


4.5 

84 

50 

134 

0 

0 


4.5 

84 

100 

133 

6 

4 


4.5 

84 

150 

124 

0 

0 

1927-28 - 

0-2 

90 

50 

135 

0 

0 


0-2 

90 

100 

129 

0 

0 


0-2 

90 

150 

136 

0 

0 


0-2 

86 

50 

131 

0 

0 


0-2 

86 

100 

125 

0 

0 


0-2 

86 

150 

1 

134 

0 

0 


Likewise, infection at 4.5® C. was limited to one season out of three 
seasons’ storage of the Danvers Half Long variety (Table 17), the 
percentage of mfection being 4 after 100 days of storage. In another 
season 1 per cent of each of four other varieties was infected after 
92 days of storage at 4.5®. Infection at temperatures below 10® has 
always been relativelv small even after long periods of stor^e. At 
a t^^erature of 10® and above, the percentage of infection may 

,.^jPbe results recorded in Table 17 were obtained from the storage of carrots at temperatures from 0^-2” 
during four seasons. The roots were taken directly from the held and stored either In hkiuart 
■■.0ja^pen or bushel orates in storage rooms 8 by 14 by 11 fret high. 
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become high if the duration of the storage period is long enough. 
With the rise in temperature from 8® to about 21.5®, there is a shorten- 
ing of the time required for infection to occur. (Table 15, expert# 
ment 2, and Table 16.) At temperatures between 21.5® and 36.5® 
no difference is apparent in the time required for infection to take 
place, unless a slightly higher percentage of infection at 31® (Table 16) 
indicates slightly earlier infection. There is very little divergence in 
the number of infections occurring at these temperatures during the 
first 8 days. The optimum temperatures for infection among those 
used (Table 15) were 24® and 24.5®. It is to be expected that the 
optimum temperature for infection will vary if different temperatures 
are employed. 

Type 2. — When bacterial soft rot is present in the field, decaying 
roots may sometimes be stored with healthy stock and shipped with 
them to terminal markets, where the usual storage temperatures range 
from 0® to 2® C. The results in Table 18 were obtained from an ex- 
periment designed to throw some light on such cases, as well as on 
what would happen if such contaminated stock were stored at differ- 
ent temperatures. 

In this experiment, eleven 12-quart baskets of sound carrots were 
inoculated by placing a decaying root in the center of each. The 
baskets were then stored at temperatures ranging from 2® to 31.5® C. 
and at relative humidities ranging from 80 to 98 per cent. The rot 
was the result of inoculation with a pure culture of the Jones 3A strain 
of Bacillus carotovorus. This experiment has soriie limitations in so far 
as measuring the influence of temperature on the amount of decay is 
concerned. Among these are variation in the length of the storage 
period ; variation in the size, shape, and packing of the roots about the 
inoculum; and the fact that there was only one inoculation at each 
temperature. 

It was desired to obtain infection over the widest possible range of 
temperature. In attempting to extend infection to as low a tempera- 
ture as possible, complications developed at the three highest temper- 
atures where the roots showed considerable decay from Rhizopus by 
the end of the twenty-second day. 


Table 18. — Influence of temperature on infection of carrote inoculated by placing 
a root decaying with Bacillus carotovorus in the center of each hamper 


Temperature 

rc.) 

Kela- 

tive 

humid- 

ity 

Stor- 

age 

period 

Roots 

used 

Routs in- 
fected 

Temperature 

(^C.) 

Rela- 

tive 

humid- 

ity 

Stor- 
age 1 
period, 

Roots 

used 

Roots in- 
fected 

31.6 

PtT 

cent 

90 

Day$ 

22 

Num- 

ber 

31 

Num- 

ber 

2 

Per 

cent 

6 

15.5 

Per 

cent 

95 

i 

Pays i 
29 I 

Num- 

ber 

67 

Num- 

ber 

11 

Per 

cent 

19 

30 

80 

22 

36 

4 

11 

12 

90 

29 1 

70 

7 

10 

24.6-- 

88 

22 

45 

9 

20 

8 

93 

29 1 

49 

0 

0 

23.6 _ 

01 

29 

59 

12 

20 

8- 

03 

80 ' 

49 

7 

14 

21. 

96 

29 

36 

21 

68 

5.6 

08 

80 1 

46 

3 


10 

80 

20 

67 

16 

22 

2 

95 

80 

46 

1 

2 



1 

1 

1 


Obviously, the normal variation in size and shape of the carrots and 
in the packing of them in the baskets would give nse to some variation 
in the number of roots in a given area about the inoculum. There 
is always some variation in the amount of decay resulting from a 
single inoculation. Although the effect of the difference in tempera- 
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ture tends to overshadow this variation, it does not always do so, and 
some effects of the initial variation always persist {8), Numbers 
alone will compensate for this variation. 

Infection (Table 18) occurred over the entire temperature range. 
At 8® C. there was no infection in 29 days, but in 80 days there was 
14 per cent. The maximum number of infections took place at 21®. 
This teinperature is 3.5® below the optimum obtained in experiments 
1 and 2, Table 16. It is believed that 24.5® more nearly represents the 
optimum for infection and decay. This opinion is confirmed by the 
lesults discussed under experiments of type 3, where more quantitative 
methods were employed. Infection at 8®, 5.5®, and 2® occurred rather 
slowly. Only 7 roots at 8®, 3 at 5.5®, and 1 at 2® became infected in 80 
days. However, in contrast to the results obtained from uninoculatod 
roots, infection occurred at these temperatures in a shorter period of 
time, in larger amounts, and apparently with greater certainty. At 
some of the higher temperatures the infection in the same period of 
time was heavier in uninoculated roots (Table 16) than in the inoculated 
roots of the present experiment. It is not clear why this should be so, 
unless the normal contamination aside from the root used for inocula- 
tion was less in the latter case than in the case of the uninoculated 
roots. (Compare results in Table 16 witli those in Table 18.) These 
results show that the inclusion of decaying carrots in stored lots may 
be a source of decay, the amount depending on the quantity of 
dec.aying material present, the tenmerature of the storage room, and 
the length of the storage period. Tliis method of inoculation insures 
infection over a wider temperature range, particularly at low 
temperatures. 

Type 3. — For this experiment 180 sound roots of the Danvers Half 
Long variety were selected for uniformity of shape and size. The 
results of the test are recorded in Table 19. The roots were first 
thoroughly washed in soapy water and dried. One hundred and 
twenty were then inoculated by introducing 0.5 cc of a suspension of 
Bacillus carotoimrus in beef bouillon into a well, 8 mm in diameter, 
penetrating to the center of each root. The wells were plugged with 
cotton and 10 roots were stored at each of the 12 temperatures shown 
in Table 19. In 60 roots used as checks sterile beef bouillon, instead of 
the bacterial suspension, was placed in the wells. Five of these roots 
were placed at each of the 12 temperatures. The amount of decay 
was determined by weighing tlie decaying roots, removing tlie decay, 
weighing the undecayed portion, and subtracting the second weight 
from the first. There was no infection in any of the checks. The 
iiighest temperature at which infection occurred in three days was 
29® C. This temperature is regarded as the maximum at which decay 
will take place only for the time limit and other conditions of this 
experiment. Infection has been obtained at 36.5® (Table 15, experi- 
ment 2), but no infection occurred at 41® (Table 15, experiment 1). 
Thirty-five degrees is 4® below the maximum temperature obtained 
by Jones {6) for growth of B, caroiovorus on culture media. The max- 
imum temperature for the mfection of carrots by B, caroiovorus is 
difficult to determine because of infection by Rhizopus, which is alw ays 
heavy at temperatures above 30®, even within the limits of a few days. 
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TABtii: 19. - Influerm of lemveralure on infeelion and decay of carrols inoculated 
by the well jnethod with Bacillus carotovorm 

[10 roots used in all cases] 


Temperature 

(“C.) 

Storage 

Iieriod 

Hoots infected 

Decay 

j 1'einj)CTature 

; Storage 

1 period 

Hoots infected 

Decay 


Days 

Number 

Per cent 

Grams 

i 

; Days 

Number 

Per rent 

Grams 

35 

3 

0 

0 

0 

i 15..5 

i 3 

u 

90 

21 

32 

3 

« 

0 

0 

! 12... 

•' 3 i 

5 

.>>0 

5 

2» 

3 


20 

0 

H-- 

3 1 

0 

0 

0 

26.11 

3 

G 

GO 

42 

1 8 

■i 7 1 

5 

.50 

4 

24.5 - 

3 

8 

HO 

50 

1 ft a 

7 ■ 



a i\ 

21.5 .... 

3 

10 

100 

41 

2 

' 12 ! 

u 1 

0 ; 

» u 
0 

18.5 

3 

10 

100 

34 


i 

! 


1 

1 

I 

1 


“ Decay uot measurable. 


The ^reHtest amount of decay occurred at 24.5° i\ (Tal)le 19; 
see also Table 1.5.) The amount of decay declined as the temperature 
rose above or fell below 24.5°. This optimum is slightly below that 
(27° to 110°) for growth on culture media. The lowest temperature 
at which infection was o[)tained in this e.x])eriment was 5.5° Time 
was undoubtedly a limiting factor. 

The temperature at which infection of carrots by Bacillus caroto- 
vorus occurred in the three types of experiments ranged from 0°-2° 
to 30.5° C. The optimum temperature for infection is about 25°. 

Influence of Uelative JlriiiiDiTY on Infection and Decay 

Only one experiment was conducted to deLermine the relation of 
humidity to infection of carrots by BacUlus mrotovorus. Unfortu- 
nately the temperature used (6.5° C.) is normally a limiting factor 
in infection by this pathogene, and hence the experiment throws little 
light on the effect of humidity on infection. 

Eight 16-quart hampers of freshly harvested, sound carrots were 
inoculated by dipping them in a suspension of Bacillvs carotovorus in 
beef bouillon. The carrots in four of the hampers were dried and one 
hamper was stored immediately at each of the relative humidities 
95, 90, 80, and 70 per cent and at a temperature of 6.5° C. The four 
other hampers were first stored for 48 hours, without drying, at a 
tempt'rature of 10° and a relative humidity of 95 per cent, and then 
placed, one at each humidity, together with the hampeus of dried 
carrots. No infection occurred in the hampers of dried cerrots even 
after 104 days of storage. In a wet hamper first exposed to a tem- 
perature of 10° and a relative humidity of 9.5 per cent for 48 hours 
and then stored at 6.5° and a relative humidity of 95 per (*-ent, one 
root was found to be infected after 104 days of storage. Infection 
was also found on roots that had been given the same preliminary 
treatment and stored at a relative humidity of 70 per cent. No in- 
fection occurred in the wet roots at relative humidities of 80 and 90 
per cent. These results are inconclusive as regards the effect of hu- 
midity on infection of carrots by B. carotocorus except to indicate, 
perhaps, that the preliminary wetting had some effect. Observations 
indicate that a high humidity favors infection at the temperatures at 
which infection normally occurs. 
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Varietal Subceptibilitt to Infection and Decay 

Three types of experiments were employed in an attempt to measure 
the relative varietal susceptibility. (1) The roots were inoculated 
by the well method, one-half cubic centimeter of a suspension of 
Bacillus carotovorus in beef bouillon being used for each root. These 
roots were then stored at 20° C. The quantity of decay' was deter- 
mined by weight as previously described. (2) The roots in a 12-quart 
hamper of carrots were inoculated by placing at the center a root 
decaying with B. carotovorus and then storing them at 15°. (3) A 

16-quart hamper of each variety was stored at harvest time at each 
of four temperatures, 0°-2°, 4.5°, 10°, and 15.5°, without treatment. 
Experiments of types 1 and 2 were repeated. In the first type of 
experiment the criteria used for the measurement of decay were the 
percentage of infection and the quantity of decay; in the second and 
third types the criteria used were the number and percentage of carrots 
infected. 

The following 17 varieties of carrots have been found to be sus- 
ceptible to decay by Bacillus carotovorus: Blanche ^ collet vert (hors 
terre), Blanche lisse demi-longue, Carter Early Market, Carter Long 
Forcing, Carter Nantes, Carter Red Elephant, Carter Scarlet Per- 
fection, Carter Summer Favorite, Danvers Half Long, Rouge demi- 
longue de Danvers, Jaune obtuse du Doubs, Rouge k forcer Parisienne, 
Rouge demi-courte de Gu4rande, Rouge demi-longue d ^Amsterdam, 
Rouge demi-longue de Chantenay, Rouge demi-longue Nantaise, and 
Rouge longue de Saint Valery. 

Althougn there was considerable variation in infection and decay 
in the different varieties in a given experiment, the same variation was 
not m^tained in others. If any variety showed greater suscepti- 
bility in contrast ta other varieties, it was Blanche lisse demi-longue, 
and even in this case exceptions were found. 

BOTRYTIS ROT OF CARROT (GRAY-MOLD ROT) 

Occurrence 

The attention given the Botrytis rot of carrot in literature is con- 
fined to a few reports of its occurrence in the field and in storage. 
It is common in storage, and it always occasions some loss whenever 
the roots are stored from two to three months at the usual tempera- 
tures (0° to 4.5° C.) — the longer the storage period, the neater the 
loss. As a rule the loss is not large, except m occasions instances 
after several months of storage. 

The Pathooene 

The Botrytis causing decay of carrot in transit and storage is of 
tlM cinerea type.^® Botrytis cinerea, like Bacillus carotovorus^ nliizopus 
tritici, and R, nig^ans, is nearly ubiquitous and is to some degree 
omnivorous. It is always present in carrot storage houses and will 
infect carrots at temperatures-ranging from 0° to 7° C. and at rela- 
tive humidities above 85 per cent, if the period of storage is long 
enough. 

» TIm strain employed in the inocnlation experiments was obtained from carrots and identified by Prof. 
H. B. Whetsel of ConieU University. 
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Factors Influencing Initiation of Infection 

EFFECT OF A NUTRIENT MEDIUM 

Some difficulty was experienced in obtaining uniform infection of 
carrots with Botrytis cinerea by artificial inoculation. Uniform infec- 
tion was desired in order to measure quantitatively the effect of 
temperature on infection and decay. Inoculation by dipping the 
roots in a water spore suspension yielded as erratic results as did 
the storage of carrots at the various temperatures without inocula- 
tion. Infection resulting from inserting mycelium and spores into 
the roots by means of a scalpel was very limited and uncertain. 
Fairly uniform infection was obtained when the roots were inocu- 
lated in wells with a spore suspension in carrot decoction. Less 
infection occurred when roots were ino^nilated with a spore suspen- 
sion in distilled water than when they were inoculated with a spore 
suspension in carrot decoction. (Table 20.) These results indicate 
that the presence of nutrient material other than the carrot tissue in 
the roots aids infection. Normal infection of carrots by B. cinerea 
in storage seems to be largely associated with and to follow the 
collapse of certain tissues. The points at which the pathogene gains 
entrance to the root are the fine tip end of the taproot, secondary 
roots (rarely), the crown, and wounds. Most of the infection takes 
place through the fine tip end of the taproot. Very little infection 
occurs during the first month or two at temiieraturcs from 0° to 4.5° 
C. Diu’ing this time some of the fine tip ends, the secondary roots, 
and some of the top tissues (collapse and become necrotic, furnishing 
weakened or necrotic tissue upon which the pathogene can grow 
before establishing active relations with the host. 

EFFECT OF WOUNDING 

Aside from gaining entrance tlirough the fine tip ends and the tops, 
Botrytis infection takes place almost exclusively through other 
wounds, especially through fresh wounds; rarely, if ever, through 
the uninjured skin; and seldom through secondary roots. The 
results recorded in Table 20 show that no infection occurred through 
rootlets or tlirough uninjured skin when a spore suspension, either 
in carrot decoction or in distilled water, was used. Of the roots 
inoculated with a spore suspension in carrot decoction over fresh 
woimds, 75 per cent became infected; of those inoculated with a spore 
suspension in carrot decoction over old wounds, 27 per cent became 
infected; of those inoculated with a spore suspension in distilled water 
over fresh wounds, 40 per cent became infected; and of those inocu- 
lated with a spore suspension in distilled water over old wounds, 
none became infected. 

In the absence of inoculation, severely wounded roots showed a 
slightly higher percentage (4 as compared with 0.8) of infection than 
un wounded roots (Table 21) when stored at the range of temperatures 
over which Botrytis commonly infects carrots. In this case one lot 
of unwounded carrots and one lot of roots that had been wounded 
by striking each one on the blunt edge of a wire basket were stored 
for 31 days at temperatures ranging from 2° to 15° C. The resets 
(Tables 20 and 21) show that the uninjured skin is a barner to mfec- 
tion and emphasize again the importance of carefm handling of 
carrots in ot&t to avoid wounding and consequent infection. 
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Table 20 . — Influence of wounda and of a nutrient medium on infection of carrots 
inoculated with Boirytis cinerea * 


Infection at roots inoculated with spore suspension In- 


Carrot decoction over— Distilled water over— 


Temperature (® C.) 

Stor- 

age 

I)eri- 

od 

Uninjured! Fresh 
skin 1 wounds 

Old 

w'ounds 

1 

Rootlets 

1 ! 

! Uninjured' 
skin 

i Fresh 
wounds 1 

Old 

wounds 




1 

■2 

i 


1 


! ! 

'B 


•2 


1 



3 

1 ' 3 

1 

"a 

1 



1 

1 i 

3 

1 

3 




O 

h 

a ^ 

c 


o 


g 


“ I 


s 

h 

S 


JJay» 

No. 

No. No. 

No. 

No. 

No. 

No. 

No. ! 

' No. 

No. 

No. 

No. 

No. 

No. 

g 

* 21 

a 

0 5 

5 



5 

0 : 

1 

1 ' 





8 

1 20 

n 

0 : 5 

4 

6 

5 


L... i 



5 

2 

5 

0 

12 

1 

15 


a 

6 

0 


i 'M 

1 







Total 

i 

25 

0 j 10 

12 

11 

3 

-.7! 

U 

5 

i 0 

L ; 

5 

2 

5 

U 


*• 'I'he roots were inoculated by introducing a spore suspension into a glass tube A nun in diameter and 
8 mm long, sealed over the infection court with vaseline. The fresh wounds were made by removing a 
small slice of tissue from one side of the root with a knife. 


Table 21— -Normal infection by Botrytis cinerea of wounded and unwounded 
carrots stored at various temperatures for SJ days 


Temperature (^C.) 


1S_.. 

9.5..., 


« 

5.... . 

2 


Total 


Wounded roots 

Unwounded roots 

Total 

Infected 

I'otal 

Infected 

Number 

Number ' Percent 

Number 

Number 

Per cent 

78 

7 i 9 

78 

2 

3 

69 

2 ^ 3 

82 

1 

1 

62 

2 : 3 

91 

0 

0 

74 

3 . 4 

91 

1 

1 

05 

0 1 0 : 

1 Wi , 

0 

0 

54 

2 4 ' 

1 : 

0 

0 

402 ' 

16 i 4 

i 

j 503 

i 4 

1 

8 


Temperature Relations 

OROWTH OF THE PATHOGBNB 

To determine the influence of temperature on the growth of 
Botrytis cinerea ten 200-cc Erlenmeyer flasks, each containing 44 cc 
of carrot agar, were placed at each of 13 temperatures after each flask 
had been inoculated by introducing a platinum loop of a spoie sus- 
pension of B. cinerea in sterile water into the agar at the center of the 
flask. No growth occurred at 35° C. in six days. (Table 22.) The 
highest temperature at which growth occurred was 32°; the maximum 
amount of growth occurred at 23.5°. As the temperature rose or 
fell below 23.5°, there was a rapid decline in the rate of pow^th. 
Some growth occurred at the lowest temperature employed, 0° to 
1.5°. Growth has been observed in another experiment at a tempera- 
ture of 0.5° to 1°. The cardinal temperatures for growth naay be 
said to be approximately as follows: Maximum, 32° to 35°; optimum, 
24°; and minimum, about 0°. 
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EXPERIMENTS ON INFECTION AND DECAY 

Two typos of experiments were employed in the study of the rela- 
tion of temperature to infection and decay. Type T consisted of 
merely storing sound roots at various temperatures for the purpose 
of observing the infection that normally occurs. Type 2 consisted of 
a quantitative measurement of decay at various temperatures. 

Type 1 . — The data in Table 23 illustrate (1) the behavior of carrots 
stored at various temperatures at harvest time, and (2) the behavior 
of carrots stored at similar temperatures after previous storage at a 
temperature of about 0® C. In experiment 1, roots were taken di- 
rectly from the field and stored at temperatures ranging from to 
31°. The periods of storage employed correspond very closely to the 
length of life of the roots. In experiment 2, the carrots were held in 
storage at a temperature of 0° to 2° from the first week in November 
until March 4, when they were stored at the various temperatures 
after the infected roots had been sorted out. 


Table 22. -Influence of temperature on the growth of Botrytis cinerea on carrot 

agar in Erlenmeyer flasks 


Temirarature 

r C.) 

Average ami of colonies aft or— 

!i 

** Temjieratnre 
(“ C.) 

1 Average 

area of colonies after - 

3 days 

0 days 1 10 days j 12 days 

j 1 

1 3 days ' 

i 1 

« days 

todays ' 12 days 

3,'> 

A/to a 
(1 

.\/to* ! A/to» i A/to* 

0 .. 

IT..*) 

1 A/to* : 
1, l.W . 

A/to» 

A/to* ; A/to a 

32 

2Lri 

24 

14 

1.39:) 

l,ii92 

, ! 

13 

IJ 

204 ' 
i:)3 : 
i « 2 

3, 0,-)!) 
2, 333 
127 

..j 

i 

1,207 1 

23. r>.. . 1 

1 2, 008 ! 
1. 4r>s 1 

j 

f» 

0 

102 

870 

IS..*! 

1 


4..') 

i i 

18 1 


' I 

0-l..'> . 

1 0 

j 



0 182 


“ J list started . 


Table 23. — Influence of temperature on infection of uninoculated carrots by 

Botrytis cinerea 


Experiment I « 


Temper- 

ature 

r C.) 

Rela- 

tive 

hu- 

midity 

Stor- 

age 

period 

Roots 

used 

1 

Roots infected | 


Per cent 

Days 

IsfumberlNvmber 

Per cent 

31 

91 

19 

48 

0 

0 

24.5. . . . 

93 

27 

19 

48 

0 

9 

24 

95 

57 

0 

0 

21.5... . 

95 

27 

59 

0 

0 ! 

10 

92 

27 

50 

0 

0 

15.5 

91 

51 

o:) 

0 

9 1 

12.6. 

95 

51 

48 

0 

9 ! 

8 

91 

79 

47 

26 

55 ; 

6.5 

96 

: 113 

45 

20 

44 1 

2 

94 

; 113 

45 

22 

49 ' 

1 

91 

IK) 

01 

26 

43 ! 





Experiment 2 *» 


1 Tcmiw- 
Bturo 
(“C.) 

Rela- 

tive 

hu- 

midity 

.Stor- 

age 

periorl 

i 

Roots j 
used j 

Roots infected 


Per cent 

1 Pays .Number' Number 

Per cent. 

32 

78 

\ 13 

60 , 

0 

0 

24.5. 

96 j 

1 22 

70 ; 

13 

19 

20- 

97 1 

1 22 

81 1 

11 

14 

18 

96 1 

22 

69 ; 

5 

7 

U.-'L 

95 j 

22 

84 : 

17 

20 

11.5. 

95 

22 

65 i 

11 

17 

10 

98 I 

31 

56 ; 

7 

13 

8 

90 ; 

31 

74 1 

5 

7 

5 

100 ! 

31 

66 i 

3 

5 

3 

100 1 

31 

’‘i 

1 

0 

0 


• Newly dug roots exposed to various temperatures. ^ ^ oo, i 

^ Knots exposed to various temperatures after being stored at a temperature of 0 to 2 from the first week 
in Novemlier until Mar. 4. 


The results in Table 23, experiment 1, represent what may be 
expected to happen normally if carrots are stored at various tempera- 
tures at harvest time, although infection often occurs at somewhat 
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higher temperatures and the percentage of infection varies consider- 
ably. As a rule, however, infection does not cover as wide a range 
of temperature in the storage of freshly dug carrots as in roots pre- 
viously stored at a temperature of about 0° C. Infection in the 
freshly dug roots occurred only at temperatures of 1®, 2°, 6.6°, and 
8°, w'tereas in the roots stored in March the range of infection extended 
from 5® to 24.5° and infection occurred in a somewhat shorter period 
of time. It should be stated, however, that 24.5° is the highest 
temperature at which infection has ever been obtained in the storage 
of untreated carrots. Generally, storage late in the season does not 
yield infection by Botrytis at quite so high a temperature. 

The amount of infection by Botrytis at temperatures of 6° and above 
is often influenced by infection by other pathogenes. 

The data recorded in Table 24 were obtained in connection with 
storage of carrots during four seasons in refrigerated rooms either 
8 by 14 by 12 feet high, or 8 by 8 by 8 feet. The roots w^ere stored 
at harvest time in bushel crates or in 16-quart hampers. 


Table 24 . — Influence of iemperaiuret humidiiyy and storage period on the normal 
infection of carrots by Botrytis dnerea during four seasons 


storage season 

Temper- 

ature 

Helative 

humidity 

Storage 

period 

Roots 

used 

Roots infected 


» C. 

Per cent 

Days 

Number 

Number 

Per cent 


10 

80-06 

102 

1,288 

84 

7 


7 

80 06 

102 

1, 100 

68 

6 


4.5 

7.5-83 

102 

1,020 

60 

6 


0-2 

01 

102 

1,412 

80 

6 


JO 

75-85 

I2t 

437 

112 

26 

J925-26 

7 

75-85 

121 

411 

40 

10 


(>2 

00 

121 

886 

40 

6 


15. .'S 

00 

30 

66 

10 

15 


10 

80 

00 

.58 

2 

3 

im-27 

4.5 

70 

165 

.52 

15 

20 


0-2 

00 

131 

100 

105 

"53 


0-2 

00 

131 

078 

167 

M7 


12.5 

01 

50 

121 

0 

0 


12.5 

01 

70 

267 

0 

0 


4.5 

84 

50 

134 


1 


4.5 

84 

100 

133 

8 1 

1 6 


4.5 

84 

150 

124 

58 1 

i 47 

1027-28 

0-2 

90 

50 

135 

» i 

i 2 


0-2 

90 

100 

129 

6 i 



0-2 

00 

150 

138 

21 

15 


0-2 

86 

50 

132 

3 

2 


0-2 

86 

too 

125 

15 

12 


0-2 

86 

150 

134 

25 

19 


• Single crate. ^ Average of several crates. 


During the season of 1924-25 there was very little difference in 
the percentage of Botrytis rot present on carrots stored at any of the 
four temperatures employed. In 1925-26 the percentage of Botrytis 
rot increased with the rise in temperature. The vanation in the 
length of the storage periods was such as to make the results at the 
different temperatures not comparable. At temperatures of 10° 
and 16.5° 0. infection by Botrytis was complicated by infection by 
Bacillm carotovorus and forais of Fusarium. During the season of 
1927-28 the percentage of infection after 50 to 100 days of storaj^e 
was greater at 0° to 2° (if infection at the two humidities at this 
temperature is considered) than at 4.5°. After 160 days of storage 
the percentage of infection at 4,6° was 47 as compared with 19 per 
cent at 0® to 2°. No infection occurred at 12.5°, largely, it is believed, 
;bj^au$e of heavy infection by J?. earotovorue and forms of Fusarium. 
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It can not be said on the basis of these results that an increase in 
teniperature within the limits of those given will necessarily result in 
an increase in the amount of infection by Botrytis. In making this 
statement, due consideration is given the variation in the humidities 
involved in these experiments, which are not comparable. (The 
storage conditions in these experiments were utilized because they were 
the best available.) From the results at hand it would seem that 
humidity was not a limiting factor in these experiments. For in- 
stance, at a temperature of 0° to 2° there was very little difference 
in the amount of infection at 90 and at 86 per cent relative humidity, 
and contrary to what was expected, infection was greater at the lower 
humidity. There is often considerable variation in the amount of 
infection in individual containers stored under the same conditions. 
To illustrate, the percentage of infection in an individual crate stored 
at 0° to 2° during the season of 1926-27 was 53, while the average in 
several crates was 17. The factor involved in this variation is not 
known. The results obtained during the season of 1927-28 show the 
relation of time to infection at temperatures of 0° to 2° and 4,5°. 
Very little infection occurred during the first 50 days. The per- 
centage increased more rapidly during tlie succeeding intervals of 
50 days. 

The results in Table 25 were obtained in connection with experi- 
ment 1, Table 23, and illustrate the effects of various periods of time 
on infection at 1°, 2°, 6.5°, and 8° C. In 19 days no infection had 
occurred in roots stored at 6.5° and 8° and none in 27 days at 1° and 
2°. There was a progressive increase in the percentage of infection 
at each temperature with the lapse of time, except that there was only 
44 per cent infection at 6.5° after 1 13 days of storage as compared with 
53 per cent in 79 days at the same temperature. Infection by Peni- 
cilliurn, wdiich obscured the previous infection, was responsible for 
the apparent decrease in infection by Botrytis. 

It should be stated that the percentages of Botrytis infection given, 
especially at temperatures of 0° to 2° C. in the last three tables, are 
not necessarily translatable into equal values of losses, especially 
during the shorter periods of storage. Most of the infection takes 
place through the broken tip ends of the taproots, and any penetra- 
tion of the thicker portion of the roots is included in the count. In 
cases where infection has merely begun to decay the thickened portion 
of the root, practically the entire root is unimpaired for consumption. 

Type 2. — As has been stated, some difficulty was experienced in 
obtaining uniform infection of carrots by Botrytis. Quantitative 
data under such circumstances are rather uncertain. The problem 
was further complicated at the hi^er temperatures because of con- 
tamination by such pathogenes as Ilhizopus and Bacillus caroiororus. 

The data given in Table 26 were obtained from one experiment and 
in the main are representative of the results secured in two other 
experiments. 

The carrots were thoroughly washed and inoculated by introducing 
an equal quantity of a spore suspension of Botrytis einerea in carrot 
decoction into a well 2 mm in diameter, penetrating to the center 
of the thickest portion of the root. They were stored in wire baskets, 
at the various temperatures shown in Table 26, in infection chambers 
provided with ventilation. The relative humidity was above 90 
per cent at each temperature. 
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Table 26.- 


-Influence of storage period on infection of uninoculated carrots 
Botrytis dnerea at various temperatures 


R... 

6.5. 

2 ... 

1... 

1... 


I'omperature (® C.) 


Roots infected after— 


humidity; used 

27 days 

51 days 

79 days 

113 days 

Per cent \ Number 

Per cent 

Per cent 

Per cent 

Per cent 

in i 47 

4 

25 

55 


(15 1 45 i 

i 2 

24 

53 

44 

94 ; 46 

! 0 

9 

31 

40 

91 ‘ 61 

i 0 

8 

25 

.39 

91 : • J52-187 

i 


6 



25 


• These carrots were stored in crates in a storage room, whereas the remaining lots were stored in hampers 
in infection chambers. One crate (containing 152 roots) was in.spected after 51 days and one (containing 
187 roots) was insiiected after 113 days. 


Table 26.- 


-Influence of temperature on infection and decay of carrots inoculated 
with Botrytis dnerea “ 


[5 roots used in all cases] 


Temperature 
(^ C.) 

Storage 

period 

Roots infected 

Average 
area of 
lesions 

30 

Days 

4 

Number' Per cent 
0 ! 0 

A/m> 

0 

28 

4 

« 

0 

0 

24.5. 

4 

4 

80 

234 

22.5 

4 

5 1 

100 

344 

20 

4 

5 ; 

100 

240 

18.5 

4 

5 1 

100 

240 

12 ! 

4 

0 1 

0 

0 

12 

<» 

5 ; 

100 

654 

1 

.... 


. 

. 


Temperature 

C.) 

Storage 

period 

Hoots infected 

Average 
area of 
lesions 


Pays 

Number 

Per cent 

Mm * 

9.5 

9 

5 

100 

273 

7 

9 

1 

20 

(^) 

5 

9 

0 

0 

0 

7 . . 

17 

5 

l(K) 

410 

5~ ...I. 

17 

,5 

100 

111 

2 

17 

0 

0 

0 

2. 

42 


ao 

1 

474 


« The relative htimldity of the .storage chambers was above IK) per cent, 
h Just started. t 


The highest teinperaturo at which infection occurred in tliis experi- 
ment was 24.5° C. (Table 2(5.) In another experiment infection was 
obtained at 28°. Both temperatures are somewhat below the maxi- 
mum for growth of Botrytis cinerea (32 °) . (Table 22 . ) This might well 
be expected, since infection by Botrytis at the higher temperatures 
is somewhat uncertain. (Table 23, experiment 1.) The greatest 
amount of decay after four days occurred at 22.5°, an optimum tem- 
perature corresponding closely with that for growth of this pathogene 
on culture media. After nine days there was 654 mm decay at 
12°, 273 mm * at 9.5°, a trace at 7°, and none at 5°. The amount 
of decay declined during this period as the temperature rose above or 
fell below 22.5°. Considerable decay occurred at 2° in 42 days in 
three out of five roots. Infection has occurred at temperatures as 
low as 0°. 

The maximum and minimum temperatures for infection based on 
all temperature experiments conducted are approximately 24.5° to 
28° and 0° C., respectively. The optimum for the rate of decay is 
about 23°. 


Influence or Humidity on Infection and Decay 

The data available are too few to permit one to draw definite 
oonclusions regarding the influence of humidity on infection of carrots 
by Botrytis dnerea. In one experiment (Table 27) freshly dug carrots 
were gmployed. Eight hampers of carrots were inoculated by dipping 



June 1 ft, im DevelopmerU of Storage and Transit Diseases oj Carrot 893 


the roots in a spore suspension of the pathogene, the other four ham- 
pers (checks) were stored, without treatment, at the relative humidi- 
ties of 95, 90, 80, and 70 per cent, respectively, and at a temperature 
of 6.5° C. Four hampers of the inoculated roots were poured out 
on a clean floor and dried by means of an electric fan. The roots 
were then returned to the dry hampers. One hamper each of dried 
and undried (wet) inoculated carrots was stored with each of the 
checks. The length of the storage period was 104 days. 

Table 27 . — Influence of humidity on the infection oj carrots inoculated ‘tviih 
Botrytis cinerea and stored for 104 days at a temperature of 6.5^ C. 


I norulaterl roots 



Relative hiiiniility : 






(per cent) | 

Wet 



Oried 


; Total 

1 nferted 



1 uferted 


Number Number Per rrn/! 

Numticr 

, Number Per i 


139 

9 I 

a 

107 

8 

IM) 

. 127 

S> , 

7 

IIK 

10 

KO 

- 12fi ; 

2 

2 

108 

2 ; 

70. 

... ... ' 124 

2 . 

2 

129 

0 


Untreiitpd roofs 


Infected 


H)B I 
KN) 

m ! 

107 I 


Per cent 
0 
n 

K 

0 


I 


There was no significant difference in the percentage of infection in 
either the inoculated or uninoculated roots at relative humidities of 
90 or 95 per cent. As the relative humidity fell from 90 to 80 per cent 
there was a (considerable drop in the percentage of infection in the 
inciculated roots, but not in the checks. There was no infection in the 
dried inoculated roots or checks at a relative humidity of 70 per cent. 
At this iiumidity there was only 2 per cent infection in the wet inocu- 
lated roots; the same percentage of infection was obtained in wet roots 
at 80 per cent relative humidity. These results indicate that a 
relative humidity of 70 per cent and possibly of 80 per cent is unfavor- 
able to infection. This humidity, however, is also unfavorable for the 
storage of carrots. 

Varietal Susceptibility to Infection and Decay 

Jn addition to the 14 varieties of carrot listed in Table 28, the fol- 
lowing 4 varieties have been found susceptible to infe(*tion and de- 
cay by Botrytis cinerea: Blanche h collet vert (hors terre), Blanche 
lisse demi-longue, Jaune obtuse du Doubs, and Carter Summer 
Favorite. 

Two types of experiments were conducted to determine the relative 
susceptiWlity of the different varieties. In one type the roots were 
artificially inoculated, and in the other infection was dependent on 
the inoculum normally present on the roots. 


inoculation experiments 

In each of two experiments, 20 carrots of each variety were washed 
in soapy water and dried in the laboratoiy. By means of a hypo- 
dermic needle, 0.2 cc of a spore suspension of Botrytis cinerea in carrot 
decoction was then introduced into a well 2 mm in diameter and 
2 cm deep in the thickest diameter of the root. The roots were stored 

130648--32 3 
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in wire baskets at the same level in a room 8 by 8 by 8 feet, at a tem- 
perature of 12® C. The length of the storage period in the first ex- 
periment was 12 days and in the second 16 days. 

The criteria used in measuring the relative susceptibility of the 
several varieties were: (1) Percentage of roots infected, (2) average 
diameter of the lesions based on the total number of inoculations, and 
(3) average diameter of th6 lesions that developed in each variety. 
The diameters of the lesions were obtained from the cross sections of 
the roots cut in two directly lengthwise through the well. The first 
two criteria are measures of the ability of the fungus to infect and the 
amount of decay occasioned, and the third the measure of its ability 
to penetrate the tissue after it has established relations with the host. 

Table 28. — Susceptibility of 14 varieti'e^s of carrot to decay when inoculated with 

Bolrytis dnerea “ 


A verage diameter of lesions based on — 



Root.*! infected 

- - 


.... 

-- - - 

- 

- 

Variety 




Number of roots j 

Number of lesions 


Experi' 

Experi- 


Experi- 

Experi-! 

lExperi-l 

Experi- 

Mriin 


ment 1 

ment 2 


ment 1 

ment 2 1 

1 

- 1 

ment 1 

ment 2 



Ptr cent 

Per cent 

Per cent 

Mm 

Mm 

Mm 1 

Mm 

Mm 

Mm 

Garter Early Nfarket 

05 

80 

88 

21 

23.8 

22. 2 i 

20 

10 

I 10. 5 

Carter Long Forcing 

33 

30 

32 

15. 4 

11.5 

13. 6 1 

5.1 

3.5 

4.3 

Carter Nantes 

00 

00 

00 

22.1 

25 

23. 5 

10.8 

22. 3 21. 7 

Carter Hed Elephant 

05 

80 

02 

20.6 

1 22.6 

21.5 { 

19.5 

20 

! 10.8 

Carter Scarlet Verfection 

52 

80 

66 

17.4 

1 20.4 

10. 1 

0.1 

16.4 

12.6 

Danvers Half Ix)Dg 


00 

00 


21 

21 ' 


10 

1 10 

Rouge demi-longuede Dan- 






i 






90 


00 

10. 5 


19.5 1 

10. 5 


10. 5 

Rouge & forcer Parisienne.... 

85 

00 

88 

21.8 

28.8 

25.3 i 

18.5 

25.1 

> 21.8 

Rouge demi-courte de Gu4- 










rande 

100 

00 

05 

22.4 

25.5 

24 i 

22.4 

23 

23.0 

Rouge deml-longue d’Am- 






! 




sterdam 

too 

84 

02 

18.9 

21.4 

20 1 

18.0 

18 

j 18. 5 

Rouge demi-longuede Chan- 










tenay 

85 

55 

70 

21.4 

23.4 

22. 2 

18.2 

12.0 

1 15.5 

Rouge demi-longue de Saint 









1 

James - - 

84 


84 

17.3 


17.3 

14.6 


' a 

Rouge demi-longue Nontaise. 

100 

60 

05 

10.4 

22 

20.6 

10.4 

1 10 . 8 1 io. 6 

Rouge longue de Saint 










Valery 

80 

100 

00 

22.2 

25.8 

24 

17.8 

25.8 

21.6 


• Duration of first experiment, 12 days; of second experiment, 16 days. 


The percentage of infection in this case is no doubt a more accurate 
index to susceptibility than the diameter of the lesions because of 
certain difilculties arising from the size of the roots in the several 
varieties and the variation in the relative thickness of the core and 
cortical tissue, which affect the rate of penetration and hence the 
diameter of the lesions. The cortical tissue, at times at least, seems 
to be more resistant to decay than the core and tends to limit the 
degree of decay. Any variation in the amount of cortex and core 
would therefore affect the amoimt of decay. The size of the roots 
woidd also influence this variation, for the advance of decay would be 
inhibited earlier in the small^r^ roots than in the large ones. Only one 
variety (Table 28), Carter Long ForcW, consistently ^owed a con- 
siderable degree of resistance when judged by all three criteria in 
bprii experiments. Two other varieties. Carter Scarlet Perfection 
and Bouge demi-longue de Chantenay, showed a somewhat lower 
pmmntage of infection than the other 15 varieties. Most of the 
, Tarieties we^ highly susc^tible* 
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EXPERIMENTS WITH UNINOCULATBD ROOTS 

A 16-quart hamper of each of the varieties listed in Table 29 was 
taken directly from the field (October 28, 1926) and stored at each of 
four temperatures (0 to 2®, 4.5®, 10®, and 15.5° C.) in storage rooms 
8 by 14 by 11 feet high. The hampers were placed at the same level 
in each room. Hampers stored at 0® to 2® were placed between two 
shelves in a space just high enough for them. A second lot of each 
variety “ was stored in bushel crates at 0° to 2® in the same room as 
the hampers. The crates were stacked five high, in adjacent tiers. 

Table 29 . — Stisceplibilily of 17 uninoculated varieties of carrot to infection by 

Boirytis dnerea 


Percentage of rcxits infected at indicated tempera* 
tiire (“ C.), relative humidity (per cent), and 
storage period (days) when— 


Variety ! 

Stored in 16-quart hampers 

Stored in 






bushel 




1 


crates 


16.5®; 90 

10®; 80 

1 4.6®; 70 

0®-2®; 90 

(0®-2®;90 


per cent; 

per cent; 

per cent; 

per cent; 

per cent; 


39 days 

99 days 

165 days 

1- 

131 days 

131 days) 

RIanclie d collet vert (hors terre) 

32 

0 

6.5 

35.2 

_ 

5.8 

Blanche lisse doml-longiie 

0 

9. .6 

18.1 

.61.4 

34.4 

Csirter Early Market 

11.3 

1.7 

12.3 

25.8 

18.8 

('arter Ix)ng Forcing - 

13. 1 

0 


2SL2 


Carter Nantes 

17 

0 

16. 7 

27.2 

9.5 

Carter Red Elephant 

H.9 

0 

16.7 

22.1 

18.8 

(barter Scarlet Perfection 

22.7 

2.6 

27.7 

29.1 

6.7 

Carter Summer Favorite 

9.8 

2.2 

10 

14.8 

19.6 

Dim vers Half l^ong 

1.6. 2 

3.5 

i 28.8 

52.8 

17.1 

Jaune obtuse du Doubs 

8.3 

0 

32. 1 

34.7 

14.5 

Rouge demi-longue de Danvers 

13. 4 

0 

i 7.5 

26.9 

14.8 

Rouge & forcer Parisienne 

Ih. 6 

4.1 ; 

' 25. 6 ; 

25.9 

25.4 

Rouge demi-oourte de (lu^rande- 

2.9 

6.2 

j 16. 1 I 

21.7 

8.2 

Rouge demi-lougue d’ Amsterdam 

4.2 

1.7 

10. 4 1 

21. 5 1 

20.9 

Rouge demi-lougue de Chanlenay 

27 

3 

16.5 1 

21.9 1 

15.3 

Rouge demi-longue Nantaise 

1} 

2.3 

10. 7 ! 

14.2 

2.2 

Rouge longue de Saint Valery 

14.3 

4.7 1 

1 

I 6.8 ! 

i 1 

,7.,| 

1.9 


In all varieties, except Carter Summer Favorite, the percentage of 
infection at 0® to 2® C. was higher in the hfimper lot than in the crate 
lot, and in most varieties considerably higher. Just why there should 
have been so marked a difference in the two lots is not entirely clear. 
The relative humidity readings were taken in the open part of the 
room and represent the humidity of the air surrounding the crates 
rather than tnat surrounding the hampers. It is possible, because of 
the position of the hampers between the shelves and their closeness to 
each other, that the humidity was higher and that there was less 
ventilation in the hampers than in the crates. These factors may have 
increased the amount of infection. In any case it is probable that the 
difference in the percentage of infection in the two lots was not 
wholly accidental. 

The results at the different temperatures can not be compared 
directly, desirable though such a comparison would be, because of the 
differences in the humidity of the storage rooms and in the duration of 
the storage periods. .... 

The data at 10® and 15.5® C. show considerable variation in the 
percentage of infection, and in a number of cases a complete absence 


M Cartar Lopg rorctog was not stored at 4.6" or to crates at 0® to 2®. 
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of infection. A large part of the variation was due to bacterial and 
Penicillium decay. For instance, in the case of the Blanche lisse 
demi-longue variety, all the roots stored at 15.5® were decayed bv 
Bacillus carotovorus. At a temperature of 4.5®, infection by renicil- 
Hum was rather severe in some cases and may have influenced the 
amoimt of Botrytis infection. 

At temperatures of 0® to 2® and 4.5® C., in both hamper and crate 
storage, there was considerable variation in the percentage of infec- 
tion in the different varieties, but the variation in the case of any one 
variety under the three conditions was not striking or consistent 
enough to make it possible to draw very definite conclusions as to 
variation in resistance. Carter Ijong Forcing, instead of showing the 
greatest resistance among the varieties with which it is compared in 
Table 28, shows less resistance than certain other varieties. 

As a result of these experiments it may at least be inferred that all 
the varieties tested are susceptible to infection and decay by Botrytis 
and that the small amount of resistance shown by any one vanety 
does not give it much advantage over the other varieties. 

DISCUSSION 

TEMPERATURE AS A GOVERNING FACTOR IN THE INFECTION AND DEVELOPMENT 
OF STORAGE DISEASES OP CARROTS 

Aside from such diseases as Sclerotinia soft rot and black rot (Alter- 
naria radicina Meier, Drechs., and Eddy), which directly or indirectly 
have their origin in the field, diseases that develop in the storage 
house are governed largely by temperature, provided that the relative 
humidity of the storage room is high enough to prevent shriveling. 

If carrots are stored at harvest time at temperatures ranging from 
1® to 37® C., results similar to those presented in Table 30 are usually 
obtained. The percentage of infection and the temperature limits of 
the various diseases may be expected to vary somewhat. It may be 
added as supplementary to these data that carrots stored at tempera- 
tures above 37® often show evidence of injury aside from infection, 
manifested in the blackening and killing of the tissue. The length of 
life of the roots at these temperatures is only one or two days, and 
PenicilUum invades most of the roots and sometimes all of them. In 
addition to Penicillium, a very sticky bacterium is found particularly 
associated with the injured roots. The diseases that normally develop 
in roots stored at temperatures from 0® to 37® are Rhizopus soft rot, 
bacterial soft rot, Fusarium rot, Penicillium rot, and Botrytis rot. 
Unidentified lesions also develop sometimes, and upon very rare 
occasions Rhizoctonia solani Kiihn infects carrots at temperatures near 
0®. Because of the overlapping of the temperature ranges of infection 
by some of the pathogenes, the amount of decay produced by any one 
pathogene was influenced by that produced by another. 

Figure 1 illustrates the distribution of infection by the various 
pathogenes at the different temperatures during the different periods 
of time. A, B, C, D, and E represent the s^arate distribution of 
infection by Rhizopus, Bacillus carotovorus^ Fusarium, Penicillium, 
and Botrytis cirmea^ respectively, and F is a composite graph of tie 
distribution of infection oy the five pathogenes. The graphs are not 
intended to convey any idea of the quantity of decay present but 
merely to show the occurrence of infection at the different t^peratures 
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during different periods of time. The graphs are incomplete in that 
they do not show the infection that occurs above 36.5® and below 
1® C. Furthermore, the periods of time given do not always corre- 
spond at the lower limits to the time required for the initial infection 
to occur at a given temperature. The graplis do, however, give some 
idea of the distribution of infection, the conditions of temperature 
and time in which infection is absent, and the extreme length of life 
of the carrots at temperatures above 6.5®. The recording of data at 
these temperatures was discontinued only when the deterioration of 
the roots was such as to preclude their consumption. The time re- 
quired for the roots to reach tins state of deterioration is approxi- 
mately represented by the upper receding line of each graph. This 
line marks the discontinuance of recording data at the various tem- 
peratures. 

The data presented in Table 30 and Figure 1 show that if carrots 
are stored at or near 1® C. the limiting disease originating in storage 
is Botrytis rot. Fortunately its development is very slow. Tlie other 
diseases become limiting factors only when roots are stored or trans- 
ported at temperatures unfavorable for the holding of carrots for 
reasons other than infection. Table 31 shows that sprouting begins in 
roots held at temperatures of 19®, 21.5®, 24.5®, and 31® in 5 days. No 
sprouting occurred at 36.5® in 12 days. Sprouting began at 15.5® 
and 12.5® in 12 days, at 8® in 19 days, and at 6.5® in 27 days, whereas 
at 1® and 2® no sprouting was apparent in 113 days. It is evident, 
therefore, that decay by Rldzopus, Bacillus carotovorus^ Fusarium, 
and Penicillium occurs, as a rule, only when deterioration from other 
causes has set in. The sprouts themselves soon deteriorate at tem- 
peratures of 10® and above, because of infection by bacteria and fungi. 
As a result of this latter infection, the roots become discolored and 
slimy. 

Development op Disease at Common Storage Temperatures 

Boots of the Danvers Half Long variety were stored four different 
years at various ranges of teinperatures the extreme limits of which 
were 0® to 2® and 15.5® C. (Table 32.) The range probably covers 
that usually employed in common storage, and the results illustrate 
the losses that might be expected provided Sclerotinia soft rot was 
not present. 

Bacterial soft rot was consistently present in considerable quantity 
at temperatures of 10® C. and above. The losses below 10® were very 
slight, and only in one season, 1926-27, did bacterial soft rot (0.2 per 
cent) occur at 0® to 2®. 

Some black rot occurred each season, but the amount present had 
no relation to temperature. Moreover, it was not always present under 
all the conditions of storage, although it develops readily under all 
these conditions, indicating that the pathogene is not as ubiquitous 
as Bacillus carotomrus and Rhizopus. 
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Fusarium rot was present each season except one, but the amount of 
loss that it occasioned varied greatly. Although its development is 
influenced largely by temperature, its presence or absence seems to be 
governed by some other factor. In one instance (1927-28) infection 
occurred at a temperature of 0° to 2° C.; otherwise infection by Fu- 
sarium has never been observed at this temperature and very little 
has been found at temperatures below 8°. 

Penicillium was present during two seasons and occurred at as low 
a tempei*ature as 0® to 2® C. Its presence or absence at these low 
temperatures seems to be lai^ely governed by some factor other 
than temperature. 

A large percentage of the carrots were infected each season at the 
fine tip ends of the roots. The infection so listed in the table never 
reached the thickened portion of the root and did not materially 
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affect the market value of the carrots, because the diseased tips would 
usually be broken off in the course of preparation for the market. 
From the standpoint of infection, roots showing the percentages given 
in the last column of Table 32 might be regarded as fit for market. 
Because of germination and infection of the tops and discoloration of 
the roots, the carrots stored at temperatures above 4.5® C. were unfit 
for market, whereas those stored at 0.2® and 4.5® C. are regarded as still 
unimpaired in market value. 

Numerous isolations were made from the infected tip ends. The 
o^anisms obtained varied greatly. Among them were Botrj/tis 
cinereay BacUlus carotomrus^ AUernaria radicinay and forms of Fusarium 
and Penicillium. Because of the small size of these fine tip ends and 
the fact that the decay involves the entire cross section, one is almost 
as likely to get a contaminatii^ organism as the pathogene. At tem- 
peratures between 0® and 5® C., most of these infections ultimately 
lead to Botrytis decay. 

The results for the season 1927-28 (Table 32) illustrate the progress 
of deci^ during storage at three temperatures and in the case of 
0®-2® C. at two humidities. Lower humidities were employed at 
each temperature, but the roots were so badly shriveled from loss of 
water that the results are not submitted. 

At 12.5® C. very few roots remained sound after 50 days of storage. 
At 4.5® the loss was only 4 per cent in the first 50 days, but by the 
end of 150 days only 50 per cent remained marketable. At 0® to 2® 
there was very little difference in the losses at the two humidities, 
and 80 and 84 per cent of the roots were marketable after 150 days. 


Table 33. — Infection of the Danvers Half Long variety of carrots stored for various 
periods at 0° to 2^ C. during five seasons 


Storage season 

>> 


Roots used ' 

Roots infected | 

Percentage of roots infect et 

1 with- 

- 

08 

1 

1 

9 

XS 

® 

i 

& 

Storage period 

Bacterial rot 

Black rot 

Fusarium rot 

Penicillium 

rot 

Rhizopus soft 
rot 

Unidentified 

decay 

Botrytis rot 

Roots infectec 
tip ends • 

es 

1 

CA 

1 

Pd 


Per 


Num 

Per 





Per 

Per 


cent 

Days 

her 

cent 





cent 

cent 

1923-24 

91 

201 

1,727 

57 

0 0.2 0 

0 0 

0 

16 

41 

84 

1924-28 

91 

102 

1,412 

17 

0 .2 0 

0 0 

0 

0 

11 

94 

1928-2fi 

90 

Ifil 

886 

24 

0 4 0 

0 0 

0 

6 

14 

90 

l92fr-27 

88 

131 

978 

50 

.2 .1 0 

.9 .1 

.4 

17 

31 

81 


1 85 

50 

131 

3 

0 0 0 

0 0 

0 

2 

.8 

98 

1927-28 

] 85 

100 

125 

22 

0 0 0 

0 0 

0 

12 

10 

88 


88 

180 

134 

43 

0 0.8 

0 0 

« 

19 

23 

80 


• The decay in this case is confined to thin portions of root tip and does not affect the marketable value of 
the carrot. 


The results recorded in Table 33 give the percentage of losses due to 
different diseases of the Danvers Half Ijong variety during five 
different years of storage at 0^ ip 2° C. and the progress of decay during 
the season 1927-28. The duration of the storage ranged from 50 
to 201 da 3 rs and the losses for the season from 2 to 20 per cent. Most 
of the losses were due to Botn’tis rot and included roots that showed 
infection whatever of their thickened portion. 
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The results of the year 1927-28, it is believed, give a fair picture of 
the possible losses that might be expected after various periods of 
storage, because the greatest total loss was incurred during this season. 
It is true that in two of the seasons the storage period was shorter, 
but in two of them it was longer. 

Varietal Susceptibility to Decay at Common Storage Temperatures 

The results recorded in Table 34 were obtained from one season^s 
storage of 17 varieties of carrots at temperatures of 0° to 2°, 4.5°, 10°, 
and 15.5° C. in 16-quart hampers and at 0° to 2° in crates. 

The roots in hampers were stored on the same level at each temper- 
ature, whereas those in crates were stored in mass. The results are 
representative in the main of those obtained during two other seasons. 
An exception is the development of bacterial soft rot at a temperature 
of 0° to 2° C.; in fact, bacterial soft rot has never been found at any 
other time at this temperature during nine years of storage of the 
Danvers Half Long variety. 



Table 34 . — Influence of certain temperatures in storage on normal infection of 17 varieties of carrots 
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The relative susceptibility of the different varieties to bacterial 
soft rot and Botiy tis has already been discussed, but it remains to point 
out that there is considerable variation in the percentage of infection 
with both diseases in the two lots stored at 0^ to 2^ and that thev are 
not parallel. It is believed that this variation is normal and not 
due to the difference in container or position. 

There is some variation in the percentage of infection of the different 
varieties at a particular temperature by Fusarium and Penicillium, 
but this variation is obviously affected by infection by the other 
pathogenes; nor is the variation always in the same direction at the 
other temperatures. Taking into consideration the total infection 
and the results in the last column, it is quite evident that no one 
variety is distinctly more resistant to disease than another. 

Kristofferson (7), working with the Parisian carrot, Gu^rande, two 
strains of Nantes, and two of Saint Valery, not only found a difference 
in susceptibility to “winter rot, but discovered also that this sus- 
ceptibility was correlated with the invert sugar content. For instance 
Gu^rande, with an invert sugar content of 4.53 per cent, showed 84.6 
per cent rot, as compared with Saint Valery, strain B, with an invert 
sugar content of 2.43 per cent, which showed only 5 per cent rot. 

These results are difficult of interpretation, (1) because the storage 
temperatures and other conditions of storage are not given and (2) 
because “winter rot” is rather a general term. At any rate, no such 
marked difference in susceptibility was found in these experiments, 
in these or other varieties tested. If the invert sugar content governs 
the susceptibility of a particular lot of cari'ots in any way, this suc- 
ceptibility can not be expected to remain constant from year to year, 
for Hasselbring (5) found a greater variation in the invert sugarcontent 
of the same variety for different seasons than among the different 
varieties for the same season. 

EFFECT OF HUMIDITY ON SHRIVEUNG 

Carrot roots of all varieties are very susceptible to drying and 
shriveling, and the range of humidities at any particular temperature 
at which it is possible to maintain a desired turgor is relatively narrow. 

At relative humidities of 90 and 95 per cent and a temperature of 
6.5® C. (Table 35)^* all the roots remained firm during 104 days of 
storage, whereas there was considerable shriveling at both 70 and 
80 per cent relative humidity (much more at 70 than at 80 per cent) 
after lioth 47 and 104 days of storage. At 70 per cent relative hu- 
midity there was a marked increase in shriveling as the storage period 
was prolonged. The data show a smaller percentage of shriveling 
at 80 per cent relative humidity after 104 days of storage than after 
47 days. The numbers used in the two counts may have made some 
difference ; otherwise there is no evident explanation of this discrepancy. 

.^though no data are available on the relation of humidity to 
shriveling at temperatures near 0® C., which is the most desirable 
temperature for the storage of carrots, experience shows that the rela- 
tive humidity should range from 90 to 95 per cent. 

» ^ data recorded in Table 35 obtained from tbe same eiperiment as those given in Tid)les 6 
and 37. 
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Table 36 — / nfluencc of humidity on tthriveling of carrots stored at C. 


Relative humid- 
ity (per cent) 

Storage 

period 

Roots 

used 

Roots shriveled 

I Relative humid- 
1 ity (per cent) 

Storage 

I)erioa 

Roots 

used 

Roots shriveled 

9.8 

Day^ 

47 

Number Number 
720 0 

Per cent 
0 

1 95 

I Dayt 

104 

Number 

1 723 

Number 

0 

Per cent 

0 

90 

47 

590 

0 

0 

! 00 

104 
104 
> 104 

! 622 

0 

0 

80 

47 

694 

no 

17 

! HO 

i 220 
; 253 

31 

206 

14 

81 

70 

47 

710 

367 

52 

1 70 


i 


SUMMARY AND CONCLUSIONS 

The market-inspection certificates issued by the United States 
Department of Agriculture on the 214 cars of topped carrots inspected 
in the United States during the years 1922 to 1927, inclusive, show 
the following average percentages of decay: 6.3 percent from Sclero- 
tinia soft rot, 2.6 per cent from Khizopus soft rot, 1.2 per cent from 
bacterial soft rot, and 2.9 per cent from Botiytis rot. 

Since a largo number of these cars wore inspected for condition and 
prade independent of decay, it is believed that these figures give some 
indication of the losses and their causes in the carrots inspected and a 
suggestion of the losses that generally occur in transit. 

Although the uninjured skin of carrot roots is an effective barrier 
against infection by Sderotinia sclerotionim.y yet because of the 
discontinuity of the skin due to old wounds, secondary roots, and the 
broken tip ends of the taproots, infection takes place readily whenever 
the pathogene is present. 

Fresh wounding, although not indispensable to infection, increases 
the amount. 

Sderotinia sderotiorum was found to grow' on carrot agar at temper- 
atures ranging from 0.9° to 32.5° C. No observations were made at 
temperatures below' 0.9°. The maximum amount of growth occurred 
at 24°. 

Infection of carrots by Sderotinia sderotiorum has been obtained at 
temperatures ranging from 0°-l° to 28° C. The greatest amount of 
decay was obtained at 23°. The difference between the optimum for 
growth of S, sderotiorum on agar and that for decay of carrots by the 
same organism is believed to be due to the difference in the tempera- 
tures employed in the tw'o cases. Although it is not practicable to 
store carrots below the temperatui*e limit for infection by S. sdero- 
tiorum, the processes of infection and decay proceed very slowly at or 
near 0°. Since the Sderotinia soft rot has its origin directly or indi- 
rectly in the field, its control should begin in the field. 

Roots dipped in a suspension of mycelium of Sderotinia sderoti- 
onim and agar in water and stored wdiilc w'et at relative humidities of 
80 and 90 per cent at a temperature of 6.5° C. became infected. 
The percentage of infection was much higher at 90 than at 80 per 
cent relative humidity. 

Roots inoculated in the same manner as the foregoing and dried 
wdth an electric fan w'ere stored at relative humidities of 95, 90, 80, 
and 70 per cent at a temperature of 6.5° C. Those stored at 90 and 95 
per cent relative humidity became infected, whereas those stored at 
70 and 80 per cent did not. The percentage infected at 95 per cent 
relative humidity w'as higher than that at 90 per cent. 
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By storing dry roots, contaminated but not infected with Sclero- 
iinia sclerotioruniy at a temperature of 0° and relative humidities 
ranging from 85 to 90 per cent, it is believed possible greatly to inhibit 
infection. 

Fourteen varieties of carrots have been found readily susceptible to 
infection by Sclerotinm sclerotiorum. No marked difference in sus- 
ceptibility was observed among them. 

Rhizomis tritici and R. nigricans are the only species of Rhizopus 
obtained from a large number of isolations from carrots subjected to a 
variety of temperatures and other storage conditions. Although it is 
possible that other species may decay carrots under special conditions, 
they do not do so normally under Washington conditions. 

'The extreme temperature limits at which infection of carrots by 
Rhizopus has been obtained in uninoculated roots are 0° to 2° and 
44® C. Infection is always relatively heavy and occurs within a 
period of four days at temperatures above 80®. At temperatures be- 
low^ 30® infection is always relatively light, and (he tim<»> required for it 
to occur is much longer. Below» 20® infection is erratic in its o<»cnr- 
rence, often not occurring at all during the marketable life of the 
roots and never in large amounts. In only two tests has infection 
been observed at temperatures below' 12°, namely, at- 0° to 2® and 10® 
in the season of 1926-27 and at 7® and 10® in the season of 1925-26 
(Table 32 and unpublished data), and then it was very linjited. 

The time required for Rhizopus infection to develop in uninoculated 
roots increased with the lowering of the temperature below* 36.5® 
Only 4 per cent occurred at 12.5® in 51 daj^s. 

The extreme temperature limits at which infection of uninoculated 
carrots by Rhizopus tritici has been obtained are 19® and 44® C. ; 
in roots inoculated by the well method infection has been obtained 
at 5°. 

The extreme temperature limits at which infection of iininoculated 
carrots by Rhizopus nigricam has been obtained are 0® to 2® and 19® 
C. Infection by this pathogene in roots inoculated by the well 
method has occun-ed at 28.5®, and possibly higher. The upper 
temperature limit for infection by this pathogene has not been accu- 
rately determined, because of complications produced by infection by 
Rhizopus tritici. 

Infection by Rhizopus nigricans is normally rare and small in 
amount, indicating that canots are highly resistant to attack by this 
pathogene. 

The optimum temperature for decay of carrots inoculated by the 
wtU method with Rhizopus tritici was al)out 33.5° C., and for those 
inoculated with Rhizopus nigricans the optimum temperature was 
about 28°. Roots inoculated by being dipped in a spore suspension of 
either pathogene, or both, may showr a small increase in the percent- 
age of infection within certain temperature limits and a low*er limit of 
infection. How ever, such is not always the case, nor is the effect ever 
marked. 

Woimding generally tends to increase the percentage of infection 
by Rhizopus and to drop the lower limit of infection, but the effect is 
not marked nor is wounding indispensable to infection. 

Seventeen varieties of carrots w^ere found to be susceptible to in- 
fection and decay by Rhizopus nigricans w^hen the roots w^erc inocu- 
late by the well method. During three years of nonnal storage of 
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these varieties at temperatures of 0° to 2° C. the only infection by 
R, nigricans observed, aside from that reported for the Danvers 
Half Ijong variety, occurred during the season 1926-27 at a tempera- 
ture of 10° in the Rouge demi-longue de Danvers variety. The slight 
and rare infection in Danvers Half Long and Rouge demi-longue de 
Danvers and the absence of infection in all the other varieties indi- 
cate that all varieties are normally resistant to decay by R. nigricans 
at temperatures from 0°-2° to 15.5°. 

Sixteen varieties of carrot, dipped in a spore suspension of 
Rhizopns tritici and stored at 30° C. or inoculated by the well method 
and stored at 23°, were voiy susceptible to infection and decay. 
No marked differences in susceptibility to this fungus were found. 

That Bacillus carotororus is constantly associated with carrots is 
indicated by the fact that a certain percentage of roots will invariably 
become infected if stored at temperatures ranging from 20° to 25° C., 
if the relative humidity is high (90 to 95 per cent). 

Wounding wa.s found to increase slightly the percentage of infection 
at temperatures ranging from 17.5° to 24° C.; however, it w'as not 
essential to infection, a large percentage of infection occurring in its 
absence. 

The extreme temperature limits at which infection of inoculated 
carrots by Bacillus carotovorus has been observed are 0° to 2° and 
36.5° C. In only 1 out of 9 seasons of normal storage of the Danvers 
Half Long variety and in 1 out of 4 seasons of storage of several other 
varieties has bacterial soft rot been observed at a storage temperature 
of 0° to 2°. Infection has occurred in only 1 out of 3 seasons of 
normal storage of several varieties at 4.5°. Storage trials with 
the Danvers Half I^ng variety at temperatures near 4.5° have 
failed to yield infection by Bacillus carotororus. Jn roots that were 
sound when stored, very little infection has ever been observed at 
temperatures below 10°. 

There was little, if any, apparent difference in the time required for 
infection to occur in carrots stored at temperatures ranging from 21.5° 
to 36.5° C. As the temperature was lowered from 21.5° to 12.5° the 
time required for infection to develop increased, at 12.5° no infection 
occurring in 27 days and 15 per cent m 51 days. 

The inclusion in the storage stock of carrots decaying with Bacillus 
carotovorus insures a more uniform distribution of the decay over a 
wider range of temperatures than occurs in the storage stock of roots 
free from such contamination. 

In carrots inoculated by the well method the maximum temperature 
at which infection occurred within three days was 29° C. ; the optimum 
temperature for decay was 24.5°; and the minimum temperature for 
infection in seven days was 5°. 

Taking into consideration the three types of experiments employed, 
the optimum temperature for decay is about 25° C. 

The results regarding the influence of humidity on infection of 
carrots by Bacillus carotovorus are too incomplete and indecisive to 
make it possible to draw any conclusions from them. 

Seventeen varieties of carrots have been found readily susceptible to 
infection and decay by Bacillus carotovorus. Although some variation 
in the percentage of infection and in the quantity of decay has been 
found in the different varieties in a given experiment, this variation 
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was not always paralleled in a second experiment, and differences in 
susceptibility have not been sufficiently consistent to give any variety 
an outstanding position in regard to susceptibility or resistance. 
The Blanche lisse demi-longue variety may be slightly more susceptible 
than the others. 

The uniformity with which Botrytis rot develops when carrots are 
stored for long periods at temperatures ranging from 0® to 5® C. indi- 
cates that Botr^is cinerea is always present in carrot storage houses. 

Infection of carrots by Botrytis cinerea is aided by the presence of 
nutrient media as used in the well method of inoculation. Normal 
infection seems to be associated with the collapse of certain tissues 
such as tops, secondary roots, wounded areas, and the fine tip ends of 
taproots. Most of the infection occurs in the last-mentioned way. 
Aside from the infection that occurs through secondary roots, the 
fine tip ends of taproots, and the tops, infection takes place almost 
exclusively through wounds, more readUy through fresh wounds than 
old ones, and rardy if ever through the uninjured skin. 

The cardinal temperatures for the growth of Botrytis cinerea on 
culture media are approximately as follows: Maximum, 32° to 35® C.; 
optimum, 24®; and minimum, about 0®. 

Botrytis rot in carrots taken directly from the field and stored at 
various temperatures is usually confined to temperatures below 15® C. 
If carrots are placed at higher temperatures after having been stored 
at a temperature near 0® for a time, the range may be extended to 
higher temperatures. 

Infection of carrots by Botrytis takes place slowly in roots taken 
directly from the field and stored at temperatures ranging from 0® to 
2® C.; that is, the percentage of infection is relatively small during the 
first 50 days and decay is, as a rule, in its initial stage. Infection and 
decay increase slowly as the storage period extends beyond 50 days. 

The widest range of temperatures at which Botrytis cinerea infec- 
tion has been obtained on carrots extends from 0®~2® to 24.5® C., as 
compared with a temperature range extending from 0® to 32® for 
growth of B, cinerea on carrot agar. The maximum amount of decay 
on carrots was obtained at 22.5®, which is very close to the optimum 
temperature (23.5®) obtained for growth of the pathogene on carrot 
agar. The difference may be accounted for by the difference in 
temperatures employed in the two experiments. 

In carrots taken directly from the field and stored without inocula- 
tion at a temperature of 6.5® C. for 104 days there was very little 
difference in the percentage of infection at relative humidities of 80, 
90, and 95 i)er cent. There was a drop in the percents^ of infection 
as the relative humidity fell from 90 to 70 per cent. There was no 
infection at a relative humidity of 70 per cont in uninoculated and 
dried inoculated roots and only 2 per cent in roots stored when wet, 
indicating that 70 per cent relative humidity inhibits infection. 
This humidity, however, is too low for the proper storage of carrots, 
since it causes them to shrivel. 

Eighteen varieties of carrots ha.ve been found to be susceptible to 
infection and decajy^ by Botrytis cinerea. No consistent differences 
in their susceptibility to this fungus were found. 

If carrots free Irom contamination by Sderotinia sderotiorum 
arcf stored at temp^atures ranging from 0^ to 40® C. and at relative 
humidities of 90 per cent and imove for a period covering the market 
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life of the carrots at the various temperatures, the following diseases 
may be expected to develop: Rhizopus soft rot, bacterial soft rot, 
Fusarium rot, Penicillium rot, and Botrytis rot. The percentage of 
roote infected and the temperature limits at which infection by the 
various pathogenes takes place will vary somewhat with the stock 
stored. The amount of decay produced by one pathogene often 
influences the amount produced by another. 

In a certain experiment in which carrots were stored at temperatures 
ranging from 1° to 36.5*^ C. (Table 30), the temperature limits within 
which decay occurred were as follows: Rhizopus soft rot, 12.5° and 
36.5°; ^cterial soft rot, 12.5° and 36.5°; Fusarium rot, 6.5° and 36.5°; 
Botrytis rot, 1° and 8°; and Penicillium rot, 6.5° and 36.5°. Penicil- 
lium rot occurred at only one temperature (19°) between 12.5° and 
36.5°, and mostly at 6.5° to 12.5°, inclusive. 

The market life of carrots, with reference to the development of 
diseases, increases as the temperatures are lowered below 36.5° C. 

A factor other than infection and decay that greatly limits the life 
of carrots at temperatures from 6.5° to 31° C. is sprouting. No 
sprouting occurred on roots stored at 36.5° for 12 days. Sprouting 
occurred at 31°, 24.5°, 21.5°, and 19° in 5 days; at 15.5° and 12.5° 
in 12 days; at 8° in 19 days; and at 6.5° in 27 days. No sprouting 
occurred at 1° and 2° in 113 days. 

The diseases that developed in the Danvers Half Long variety at 
one temperature or another during four different years of storage at 
temperatures ranging from 0°-2° to 15.5° C. were: Bacterial soft 
rot, black rot, Fusarium rot, Penicillium rot, Rhizopus soft rot, and 
Botrytis rot. This range of temperatures coincides approximately 
with the limits one might e?^ect to find in common storage. 

The losses during five different years of storage of the Danvers 
Half Long variety at temperatures fluctuating between 0° and 2° 
ranged from 2 to 20 per cent. The relative humidities varied during 
the several seasons from 85 to 91 per cent and the storage periods 
from 50 to 201 days. 

A survey of the diseases that developed in 17 varieties of carrots 
stored at temperatures ranging from 0°-2° to 15.5° C. during the 
season 1926-27 and in most of the varieties during four other seasons 
showed that all the varieties were susceptible to Fusarium rot and 
to Penicillium rot in addition to the diseases discussed hitherto. 
No marked difference in susceptibility was found. 

No shriveling occurred in carrots stored at a temperature of 6.5° 
C. and at relative humidities of 90 and 95 per cent, whereas consider- 
able shriveling occurred at relative humidities of 70 and 80 per cent. 

The environmental conditions regarded as most favorable for 
storage of carrots are a temperature of 0° C. and a relative humidity 
of 90 to 95 per cent. 
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THE SPOILAGE OF DRESSED DUCKS BY SLIMINESS' 

By W. L. Mallmann 

Research Assistant Bacteriologist^ Department of Bacteriology y Michigan Agricultural 

Experiment Station 

INTRODUCTION 

A select and extensive market has been created for the sale of what 
the trade designates as green ducks, squab ducklings, or Long Island 
ducks. These duc.ks are from 5 to 10 weeks of age and weigh from 
3 to 5 pounds. The immaturity of their tissues renders them very 
soft and tender, with the result that they spoil rather rapidly, much 
more so than mature carcasses. 

When squab ducklings are shipped in crushed ice or ice water, very 
little spoilage results; but when they are shipped moist in containers 
which permit them to come in contact with the air, they become 
slippeiy, particularly beneath the wings. In extreme cases the entire 
carcass is c-overed with slime so thick that it is difficult to pick up 
the duck with the hands. Accompanying the slirne formation is a 
markedly offensive odor. In the early stages decomposition is purely 
superficial and washing in a solution of sodium carbonate will remove 
all odor and slime. The skin, however, has a roughened appearance, 
which renders the duck unfit for market. The internal organs and 
other tissues do not show any decomposition or odor even in pro- 
nounced cases of sliminess. 

Slipperiness will develop in from one to two days even when car- 
casses arc kept constantly at ice-box temperature (50° F.). Carcasses 
stored in meat-market ice-cooled refrigerators spoil with marked reg- 
ularity. Mechanical refrigeration at a temperature of 40° F. prevents 
sliminess but causes a drying out of the skin, which is accompanied 
by discoloration and cracking. The resulting product is as unmar- 
ketable as the slimy ducks, owing to the objectionable appearance of 
the carcasses. 

This type of spoilage first came to the attention of the writer when 
a Michigan packing plant began shipping ducks in individual cartons 
direct to the consumer. This plant had previously shipped its entire 
output in crushed ice without any evidence of slime formation. At 
the time that slirniness was observed in ducks shipped in paper car- 
tons, those shipped in crushed ice were free from this trouble. All 
the ducks were dressed in the same plant at the same time under 
identical conditions, the only difference in the preparation was in the 
mode of shipping. Further investigation revealed the fact that 
sliminess is of frequent occurrence in squab-duckling packing plants 
and, furthermore, that this condition never occurs when the ducks 
are shipped in crushed ice. 
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EXPERIMENTAL STUDIES 

Bacteriological examinations made from slimy ducks revealed sev- 
eral spore-forming bacilli. The predominating organism was a large, 
nonmotile, Gram-positive, spore-forming bacterium with a large cap- 
sule. The o:^anism has all the characteristics of Bacillus mesentericus 
except motilitjr* It ^pears to be either an undescribed form or a 
nonmotile variant of B, mesentericus. It was obtained in practically 
pure culture from the ducklings examined. 

In the killing plant cultures were made from all the tanks and tables 
in or upon whicn the ducks were handled. The same organism was 
isolated from each of the following places: The scalding tank (140^ 
F.), plumping tank (212®), chilling tank (50®), ice-water tank, dress- 
ing tables, floor, feet of live ducks entering the plant, and shelves in 
ice chest. The organism was not found in the water supply used at 
the killing plant. 

To check further the significance of the organism as a causative 
factor in producing sliminess, five live ducklings from this plant were 
dressed at the college poultry plant, sterilized containers being used 
for scalding and cooling. The college dressing plant was completed 
shortly before this experiment was conducted, so all the equipment 
was new. In order to be sure that all contamination was excluded, 
the tanks were carefully cleaned vdth a strong solution of sodium 
hypochlorite, and 100 parts per million of chlorine in the form of 
sodium hypochlorite was added to the scalding water to destroy any 
organisms that might be present on the ducks. The method of dress- 
ing was exactly the same as that used at the duck-packing plant. 
After the ducks were dressed and cooled, two were immersed for five 
minutes in a suspension of the encapsulated organism. The remain- 
ing three were kept as controls. All the ducks were then placed in 
paper cartons ana immediately stored in an ice-cooled refrigerator at 
a temperature of 50® F. A duck dressed in the packing plant was 
stored in the same refrigerator. Each day for a period of eight days 
the ducks were removed from the refrigerator and examined for slime 
formation. Within two days the duck dressed at the plant was too 
slimy to be marketable. On the sixth day the inoculated ducks were 
slippe^ imder the wings, but the control ducks were free from spoil- 
age. On the eighth day the inoculated ducks were decidedly slimy, 
the slime then covering the entire carcass. An offensive odor was 

E resent. One of the controls was slightly slippery under the wings, 
ut the other two were still quite normal The same organism was 
recovered from all the ducks that showed evidence of slime formation. 
The results obtained clearly indicate that the organism isolated is a 
causative factor in the production of sliminess and that the source of 
contamination is the utensils used in the dressing and cooling pro- 
cesses. Thus it appeared that a clean plant might solve the problem. 
Accordingly, means by which this might be accomplished were 
considered. 

The use of a chemical disinfectant appeared to be the best procedure, 
unce the organisms apparently survive boiling, as indicated by their 
isolation from the plumping tank at a temperature of 212® F. A 
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disinfectant that would act in the presence of excessive quantities of 
organic matter was necessary; also it should have a low toxicity, as 
it would be undesirable to add any substance that would injure the 
food value of the duck. 

Sodium hypochlorite was finally selected because it meets these 
requirements and because of its adaptability and low cost. Since 
much dirt and contamination enter the scalding tanks, it was be- 
lieved that any attempt to use continuous disinfection in these 
tanks would not be feasible. Instead, a system of disinfection in 
the final ice-water storage tanks was attempted. In these tanks 
sodium hypochlorite in doses of 100 parts per million of available 
chlorine was added. Two tanks were used; one was treated with 
neutral sodium hypochlorite and the other with an alkaline sodium 
hypochlorite. The dressed ducks were stored in these tanks for ap- 
proximately 24 hours, after which they were removed, packed m 
cartons, and stored in an ice-cooled refrigerator. Untreated ducks 
were similarly stored as controls. The results of this experiment 
are presented in Table 1. 


Table 1 . — Results of disinfecting dressed ducks in chlorinated ice water 


Uuck No. 

1 

Treatment 

Condition of carcass after— 

6 days 

10 days 

] 

None 

Decidedly slimy and discolored 

Poor. 

2 

do 

do 1 r 

Do. 

:i 

Nfiiitral Modinm hyjinnhlnrifit . 

Slimy and discolored ... 

Fair. 

4„ 

Alkaline hypochlorite.... 

Excellent 

Best. 

fi 

do 

Slightly slimy on legs only... ..... 

Good. 

6 

do - 

Slimy and discolored 

Fair. 






At the end of six days, only one duck (No. 4) that was treated 
with neutral sodiuin hypochlorite was really marketable as a product 
of the highest quality. The control ducks (untreated) were unmar- 
ketable at the end of six days. At the end of 10 days all the ducks 
were unmarketable; however, the treated ducks were in better con- 
dition than the untreated ones. The experiment demonstrated that 
treatment with sodium hypochlorite in ice water will extend the 
keeping period but that it does not eliminate ultimate spoilage by slime 
formation. 


To determine the efficiency of hypochlorite for killing the organ- 
isms causing sliminess, a series of laboratory experiments was made 
in which a technic was used similar to that employed in determining 
the phenol coefficient of a disinfectant. Temperatures of 10°, 20°, 
and 37° C. were used with exposures of 1, 5, 10, 30, 60, and 120 
minutes. The culture was a 48-hour agar slant containing spores. 
Two series of tests were made, one with 0.1 cc of culture suspen- 
sion and the other with 0.01 cc of suspension. Three strengths of 
hypochlorite were used, namely, 25, 50, and 100 parts per minute 
of available chlorine. The results are presented in Table 2. Only the 
data for 0.1 cc of culture suspension are given, since the results 
with 0.01 cc were the same. 
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Table 2. — Killing power of sodium hypochlorite as determined on a 0.1 c c culture 
suspension of the organism causing sliminess in dressed ducks 


Available 

chlorine 

1 empera - 1 
ture of 
exposure 

Negative or positive results after exposure of— 

! 

1 minute ,5 minute 

I 

10 min- 
utes 

30 min- 1 60 min- 
utes 1 utes 

120 min- 
utes 

P. p. m. 

® C. 




i 

! 


25 

1 

+ 

-1- 

+ 

-1- + 

+ 

50 

\ 

+ 


4- 

4- ' + 

4- 

100 

1 

, + 

+ 

+ 

+ 4- 

4- 

25 

1 



— 

-- 1 — 

— 

50 

inn 1 

> 20 

1 ! 

+ 



- — 

— 

lUU 

25 1 

1 1 






50 

r 37 


— 

— 

_ i _ 

— 

100 

' 1 




L , 1 

“ 


The data indicate that sodium hypochlorite in ice water at ail 
strengths tested was ineffective during the periods of exposure used. 
At 20® and at 37® C. the chlorine was comparatively active, causing 
complete destruction of all vegetative cells and spores in five minutes 
or less. 

In a later examination of slimy ducks, three other organisms were 
isolated — a noncapsule-forming spore producer, a coccus, and a 
nonspore-forming rod. These organisms were selected because the 
odor of the cultures was identical with that found on the slimy ducks. 
Their resistance to chlorine was studied. The results are presented 
in Table 3. 


Table 3. — Killing power of sodium hypochlorite as determined on three micro- 
organisms found on slimy ducks 



• Culture No. 1, a nonoapsule-forming, spore-forming baoillis; No. 6, a Oram-f-micrococcus; No. 10, a 
Qram+nonspore-forming rods. 


The three organisms were readily killed by chlorine in ice water in 
concentrations of 25 p. p. m. of available chlorine. The fact that one 
of the organisms was a spore former indicates that chlorine does have 
a decided germicidal value at low temperatures, and that in spite of 
its inability to destroy all the capsulated spore formers present, it 
can reduce to a marked degree the amount of contamination carried 
on the suiface of the duck. 

Although chlorine in the quantities used had no effect on the 
appearance of the ducks, a careful examination was made of ducks 
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after 24 hours* immersion in 100 p. p. m. of available chlorine to deter- 
mine whether the chlorine had impaired their value as food. The 
treated ducks showed no injurious effects from the treatment. Never- 
theless, it was thought that a minimum amount of chlorine should 
be used. To determine what the minimum should be, experiments 
were conducted with small amounts of residual chlorine. When 
3.5 p. p. m. of available chlorine was used, all the culture tubes showed 
growth up to 30 minutes, the longest period of exposure employed. 
However, there was a decided reduction in the number of bacteria as 
evidenced by the bacterial (counts. Apparently the most effective 
results were obtained with a minimum of 25 p. p. m. of available 
(chlorine, which was sufficient for complete disinfection. 

A second method of control was attempted in which the ducks 
were immersed in a disinfecting or antiseptic solution of sufficient 
strength to assure a retention of the antiseptic substance on the duck 
until it reached the consumer. The disiniectant used had to be one 
free from objectionable odor and taste. Sodium hypochlorite, 
sodium borate, sodium salicylate, and sodium chloride were tried. 
The sodium hypochlorite when used in strong solutions produced a 
medicinal odor in the paper carton that would be objec^tionable to the 
consumer. The sodium borate and sodium salicylate were not suffi- 
ciently antiseptic to retard putrefaction materially; hence these 
(ioinpounds were discarded. Dipping the ducks in a saturated solu- 
tion of sodium chloride, however, eliminated the formation of slime. 
In this procedure the chemical is not used uj) by combining with the 
organic matter, as is the case with sodium hypochlorite. Instead, 
as the moisture evaporates from the surface of the duck, the salt 
becomes more concentrated and hence more active as an inhibiting 
agent. Sodium chloride, moreover, has no objectionable features 
as a food preservative. 

To determine the concentration of salt necessary to inhibit the 
growth of the bacteria, different quantities of sodium chloride were 
added to plain nutrient broth into which the various cultures were 
planted by adding a loopful of a 24-hour broth suspension. The 
results are presented in Table 4. 


Table: 4. — Inhibilive action of sodium chloride upon the growth of microorganisms 
causing slime formation in dressed ducks 


Microorgimism No. 

C'oiitrol 

Negtitive or positive results wheu 
using u concentrntion of salt of— 

2 per cent 

5 per cent 

10 per cent 


+ 

-f 



6 

+ 


+ 

_ 

10 - 



-f 

_ 







The above table shows that a concentration of 10 per cent of sodium 
chloride is necessary to suppress the development of the bacteria. 
That the action is purely inhibitive and not germicidal was demon- 
strated by making plate counts from these tubes at various intervals 
up to 20 minutes. Although counts were made from salt concen- 
trations of 2, 5, and 10 per cent, only the last are presented, as similar 
results were obtained with the 2 and 5 per cent concentrations. The 
data are shown in Table 5. 
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Table 5. — Effect of a 10 per cent eolution of sodium chloride on the count of certain 
microorganisms causing slime formation in dressed ducks 


Microorganism No. 

Control 

count 

Count after exposure of-- 

1 minute 

5 minutes 

10 minutes 

15 minutes 

20 minutes 

1 

133 

261 

201 

200 

192 

140 

6 

186 

263 

266 

210 

246 

261 

10..... 

236 

323 

246 

266 

261 

264 


It will be observed that no reduction occurred in the number of 
bacteria. In fact, there was an apparent increase, probably owing 
to the repeated shaking of the tubes at the time of sampling which 
caused a dispersion of clumps of bacteria. 

DISCUSSION 

As the data indicate, two methods of controlling slipperiness in 
squab ducklings may be used, namely, sanitation and preservation. 
The experiments demonstrate that the use of clean, sterile utensils 
with clean, sterile, scalding, plumping, and chilling waters will result 
in a product that develops sliminess very slowly, the period of delay 
being sufficient for the usual marketing. However, the maintenance 
of such sanitary conditions is not practicable in the usual killing 
plant and is pronibitive in cost, so it becomes necessary to use chemical 
preservatives along with economical and practical sanitary measures. 
It has been demonstrated that a disinfection of the carcass with 
sodium hypochlorite in the final ice-water storage tank materially 
lessens the amount of contamination and thus delays spoilage. A final 
dipping of the finished product in a concentrated salt solution results 
in covering the carcdss with a thin film of salt brine that inhibits the 
growth of the slime-producing bacteria and thus prevents spoilage. 
In practice the treatment of the ducks by immersing in ice water 
containing sodium hypochlorite, followed by dipping in saturated 
salt brine just previous to packing for shipment, has given very 
satisfactory results. It may be that the antiseptic action of the 
salt brine is sufficient and that the addition of sodium hypochlorite 
to the storage tank is unnecessary. 

SUMMARY 

Slipperiness in squab ducklings is caused by bacteria. 

Four microorganisms weiie isolated from slimy ducklings. The 
chief microorganism involved in slipperiness is a spore-forming cap- 
sulated bacillus closely resembling Bacillus mesentericus, Tms or- 
ganism was found on all utensils and exposed surfaces in the killing and 
dressing rooms of the duck-packing plant investigated. 

Slime formation was induced by moculating ducklings with pure 
culture of this organism. 

The addition to the storage tanks of 100 p. p. m. of available 
cUorine in the form of sodium hypochlorite delayed the formation of 
slime. 

Dipping the dressed ducklings in saturated salt brine stopped the 
fonnation of slime. 




EFFECT OF FERTILIZERS ON THE CHLORINE CONTENT 
OF THE SAP OF CORN PLANTS ' 

By N. A. Pettinoeh* 

Associate Agronomist, Virginia Agricultural Experiment Station 
INTRODUCTION 

In a recent paper {14)^ the writer reported some preliminary results 
of an investigation which showed that the composition of the sap of 
corn (Zea Mays L.) plants was markedly affected by the addition of 
fertilizers to the soils on which the plants wore grown. At the time 
these results were reported, the sap samples had been analyzed for 
nitrate nitrogen, total phosphorus, and total potassium only. In an 
effort to explain certain data obtained in the corn-sap studies now 
under way at the Virginia station, it seemed desirable to determine 
whether the various^sap samples contained large, medium, or small 
amounts of some of the fertilizer constituents that arc usually given 
minor consideration in the use of fertilizers. Accordingly, the saj) 
samples were analyzed for the materials of interest. The purpose 
of the present paper is to present the data from these analyses that 
concern mainly the effect of chlorine-carrying fertilizers on the 
ciilorine content of the sap of com plants as found in a 4-year study 
under field conditions. 

MATERIALS AND METHODS 

The plants from w^luch sap was extracted for this investigation w^ere 
grown on the ^‘rotation with fertilizers^ plots at the Virginia Agri- 
cultural Experiment Station, Blacksburg, Va. Since a complete 
description of these plots and their management has been given in a 
previous report { 14 )f only the more salient features will be repeated 
here. The experiment was started in 1909 on a Hagerstown silt loam 
soil of moderate fertility, and embraced four series of 13 plots each. 
These four series of plots, designated as A, B, C, and D, carry in rota- 
tion the following crops: First year, corn; second year, wheat; third 
and fourth years, hay (mammoth clover, red top, and timothy). 
The kinds and the combinations of fertilizers applied to the various 
plots are indicated in Table 1. From 1909 to 1914, each fertilizer 
treatment was applied to the entire plot. In the latter year, however, 
all plots were divided in half. Since 1914, with the exception of farm 
manure, the quantity of fertilizer that was formerly applied to the 
entire plot has been applied to the south half of each plot, thereby 
doubling the former rate of application on this part of each plot, 
except the manure plots. From 1917 to the present time, the rates 
of application per acre have been as follows: Dried blood, 308 pounds; 
ammonium su^hate, 200 pounds; rock phosphate, 219 pounds; super- 
phosphate, 438 pounds; muriate of potash, 200 pounds; and manure, 

» Received for publication Dec. 28, 1931; issued July, 1932. 

I The writer is indebted to the Departments of Agricultural Chemistry and of Botany and Plant Path* 
ology for laboratory facilities in making the chemical analyses reported in this paper. 

* Reference is made by number (italic) to Literature Cited, p. 930. 
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16 tons once in four years, except* plot 12, which received 4 tons 
annually. All applications were made annually except as noted other- 
wise. 

The sap samples were obtained from 15-inch sections of the stalks 
immediately above the surface of the soil. These sections were cut 
into small pieces approximately an inch in length, and subjected to a 

g ressure of 6,500 pounds per square inch in a small Carver laboratory 
ydraulic press. The sap samples thus obtained in 1928 and 1929 
were clarined immediately with carbon black and then stored in a 
refrigerator at —7® C. until removed for analysis. The samples ob- 
tained in 1930 and 1931 were not clarified. A small amount of toluene 
was added to each sample to prevent fermentation. 

The samples were collected during the last week in August each 
year. In 1928, a second set of samples was taken during the last 
week in September. 

Chlorine content was determined as follows: 10 c c of sap were 
pldfced in an evaporating dish with 20 c c of a 5 per cent sodium- 
carbonate solution, evaporated to dryness, ashed at a very low tem- 
perature, taken up with water, and filtered. The filtrate was then 
titrated with a standard silver nitrate solution in the presence of a 
yellow light, potassium chromate being used as indicator. The titra- 
tions were made under a yellow light because the potassium-chromate 
indicator inparts a yellow color to the solution to be titrated and, 
hence, in order to sensitize the end point properly, it was desirable 
to have the solution and the light of the same or similar color and 
shade of color. A yellow 25-watt incandescent lamp was used as the 
source of light. When the chlorine analyses were first undertaken, 
considerable difficulty was experienced in getting the samples to ash 
completely at temperatures sufficiently low to prevent volatilization 
of the chlorides. This difficulty was overcome by moistening the 
incompletely ashed Residue with water, redrying in an electric oven, 
and then returning the sample to the furnace. In some cases a second 
moistening was necessary for complete combustion. 

PRESENTATION, INTERPRETATION, AND DISCUSSION OP 
EXPERIMENTAL RESULTS 

EFFECT OF FERTILIZERS CONTAINING CHLORINE ON THE CHLORINE CONTENT 

OP THE PLANT SAP 

The results obtained in tliis investigation show a number of inter- 
esting relations. (Table 1 and fi^. 1 . ) The most evident of these is the 
marked effect that chlorine-carrying fertilizers had on the chlorine con- 
tent of the plant sap. Considering for the moment only the 4-year 
averages for the samples collected in August, it will be found that 
the plots which have received no chlorine at any time during the 
experiment (except in crop residues) yielded saps containing less than 
0.20 mg of chlorine per cubic centimeter (200 parts per million). 
On the other hand, saps coming from plots which received muriate of 
potash annually, contained more than 1.60 mg of chlorine per cubic 
centimeter (1,600 p. p. m.), an increase of over 700 per cent. The 
manure plots yielded saps which contained between 0.50 and 1.10 mg 
of chlorine per cubic centimeter (500 to 1,100 p. p. m.). They were 
therefore distinctly mtmnediate between the saps from untreated 
plots ttnd those from ^ots which received muriate of potash annually. 
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In most cases^ the data from individual years do not deviate greatly 
from the averages just considered. It is evident from these data, 
therefore, that the application of chlorine-carrying fertilizers increased 
greatly the chlorine content of the sap of corn plants. 

Table 1. — Chlorine content of naj) extracted from corn plants grown on plots receiving 
different fertilizer treatments 

(V^alues are in milligrams of chlorine i>er cubic centimeter of sap] 


Chlorine in sap extracted on™ 


Aug. 20, Kept. 2S, Aug. 30, Aug. 30, ; Aug. 27, 

I02M 102H 1020 1030 j 1031 

Mg Mg Mg Mg Mg i Mg Mg 

0.14 0.14 0.18 0.07 0.13 0.13 

2Dj ; Ps - 0.12 .09 .15 .10 .17 1 .15 .14 

3Di ' () .34 . 26 .15 .10 .18 . 22 . 22 

3Dj ....|N,Pr, K .3.21 2.86 1.32 1.29 1.44 1 1.82 2.02 

Cheek .10 .40 .18 .18 .12' .17 .21 

Nfams), Pr .20 .13 .16 .11 .06 .13 .13 

O 17 . 36 .10 . 26 . 46 . 27 . 20 

Ps, K 2.82 2.54 ! 2.39 . 96 2.26 ! 2.11 2.19 

0 47 . 85. .35 . 26 . 45 1 , .38 . 48 

K . 2.59 2.13! 1.31 1.06 1.74; 1.68 1.77 

O .21 .78 1 .35 .17 .25! .25 .35 

N, K 2.48 2.80' 1.26 1.22 I.lll 1.52 1.70 

0 04 . 37: .13 .12 . 08 | .09 .15 

N, P.S .16 .31' .18 .15 .11 I .15 .18 

() .19 .29 : .17 .15 .08 1 .15 .18 

N 13 i . 15 i .17 .14 . 12 i .14 .14 

0 11 . . 15 i .12 .11 .10 I .11 .12 

M 2.a3 2.26 .m .50 .70, .97 1.23 

Chock .13 .29 1 .12 .10 .17' .13 .16 

M, Pr 2.57, 2.98! .78 .60 .58 1 1 . 13 I..50 

O .17 . 35 . 00 . 09 .10' .11 .16 

M .76' 1.13 ..36, .53 .,511 .55 .67 

O .20 1 .11 .00 1 .12 . 07 j .12 .12 

M, Ps --- 2.42 ..50 j .05 .61 .72 1.14 

O I ..36 .18 .18 .16' .17 .22 

Pr . 14 I .18 .a5 .16 .13 j .12 .13 

» CTieck, no treatment .since 1000; O, no treatment since 1914; N, nitrogen from dried blood; N(aras), 
nitrogen from ammonium sulphate; M, manure; Pr, rock pho.sphate; Ps, superphosphate; K, muriate of 
potash. 

f All plots on range 11 in 1928, range C in 1929, range B in 1930, and range A in 1931. 

The failure of the saps from the manure plots to contain as much 
chlorine as those from plots wliich received muriate of potash raises the 
question whether these differences in chlorine content might possibly 
he related to differences in the amounts of chlorine supplied by the two 
fertilizers. The manure wliich has been used in the past on these 
plots has been produced by work homes kept at the experiment station. 
These animals are usually bedded with cereal straws and fed on various 
grass and legume hays. Van Slyke {19j p. 8S) reports the chlorine 
content of oat straw as being 0.31 per cent. This figure is presumably 
for air-dry straw, and it would be logical to expect fresh manure to 
show a much lower chlorine content when analyzed. This was 
confirmed by an analysis of four samples collected individually and at 
random from the manure now in storage at the experiment station 
bams, which showed chlorine contents of 0.13, 0.15, 0.18, and 0.18 
per cent, respectively, on the wet basis. The moisture content of 
the four samples was 72.4, 67.6, 67.5, and 68.3 per cent, respectively. 
On the basis of these analyses a ton of manure contains approximately 
3.2 pounds of chlorine. Since the manure was applied at the rate of 
16 tons per acre in four years, the plots received approximately 51 
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pounds of chlorine for each rotation. Muriate of potash applied 
annually at the rate of 200 pounds per acre supplied approximately 
375 pounds of chlorine in each 4-year period, nearly ei^t times as 
much as the manure furnished. It is clear from these figures that 


nil iff 

PLOT NUMBERS 

Fioube 1. — Chlorine content of sap of plants as affected by fertilizer treatment 

tiie lower chlorine content of the saps from the manure plots was due 
to Me smaller amount of chlorine supplied by Me manure, and that 
^ l^gher ednc^tration in the sap from the muriate of potash ^lots 
wtti (MHhied by the larger amount of dbldrine supplied by the muriate. 
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It is also clear that although* muriate of potash increased the 
chlorine content of the plant sap more than manure did, the increase 
is not proportional to the amount of chlorine applied. The saps 
from the muriate of potash plots contained about twice as much 
chlorine as those from the manure plots, but this increase is far from 
being directly proportional to the 375 pounds of chlorine supplied by 
the muriate per rotation as compared to 51 pounds supplied by 
manure. It is not possible to account for this difference on the 
basis of differential rates of utilization of chlorine within the plants, 
because this element enters into practically no organic compounds 
occurring naturally in plants except the anthocyanin pigments. 
Hence, the amount of chlorine assimilated by com plants must be 
very small, and differential utilization would bring about only small 
differences. It is possible, however, that the large amount of chlo- 
rine supplied by the muriate may have exceeded the capacity of the 
com plant to absorb and retain this element. In this event, applica- 
tions of chlorine larger than the amount necessary to extend the 
plant to its capacity in this respect, would effect no increase in the 
chlorine concentration of the sap. 

EFFECT OF DATE OF SAMPLING ON THE CHLORINE CONTENT OF THE 
PLANT SAP 

As previously pointed out, two sets of samples were collected in 
1928, the first during the last week in Aiigust and the second during 
the last week in l^ptember. The data in Table 1 show that in 16 
of the 23 comparisons the September samples contained more chlo- 
rine than the samples obtained from the same plots a month earlier. 
This indicates that in many of the plots chlorides continued to move 
into the plants until they were nearly mature. Similar results have 
been reported by Harris (5), who found that chlorides accumulated 
in the leaf-tissue fluids of cotton plants with the march of the season. 

It is of interest also to compare the September movement of 
chlorides in the various plots with their respective fertilizer treat- 
ments. Where no chlorine has been applied since 1914, 75 per cent 
of the total number of saps show a higher chlorine content in Sep- 
tember than in August. Where muriate of potash has been applied, 
however, 75 per cent of the total number of saps show a lower chlo- 
rine content in September, The saps from the manure plots show 
hi^er chlorine concjentrations in the September samples. 

The increases in concentration of chlorine in the saps from the 
untreated and manure plots and the decreases in the saps from the 
plots which received muriate of potash are difficult to reconcile. In 
the case of increases, it is natural to assume that the plants continued 
to absorb chloride ions during September in such quantities as to 
accumulate an observable increase. It is possible, however, that a 
part of the increases in chlorine concentration was caused by (1) a 
loss of water during maturation, or (2) by the movement of chlorine 
into the stalk from other parts of the plant. Desiccation incident to 
maturation is not believed to have had much influence, for there 
appeared to be as much or more sap in the stalks in September than 
in August. Furthermore, no appreciable differences were observed 
in the time of maturity of the com on the various plots. The move- 
ment of chlorine into the stalks from other parts of the plant, par- 
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ticiilarly from the maturing leaves, remains as a possible partial 
explanation, for it is well Imown that when plants ripen the salts 
held in the sap have a tendency to migrate from the dying to the 
living tissues. This possibility is strengthened by the fact that 
approximately nine-tenths of the chlorine in cereal plants is con- 
tained in the stem tissues (19, p. 83). 

The lower chlorine concentrations in the September samples where 
muriate of potash was applied may have resulted from one or more 
of three different causes. First may be mentioned the much disputed 
theory of the outward movement of materials from the plant* back 
to the soil through the roots. For information concerning this theory, 
the reader is referred to a recent critical review by Thomas (17). 
Secondly, it is known that chlorine-containing compounds in plants 
occur not only dissolved in the cell sap, but also as deposits of definite 
crystals or amo^hous compounds in the cell protoplasm (16, p. 115), 
If conditions within the plant during maturation become such as to 
increase the crystallization and precipitation of chlorine compounds 
and thus prevent their removal with the sap, the observed decreases 
in chlorine concentration of the September samples could be ac- 
counted for. In the third place, it has been shown by Le Clerc and 
Breazeale (12) that from 40 to 75 per cent of the chlorine in various 
crop plants may be washed out by rains and returned to the soil. 
They point out further that this occurs to a greater extent during 
maturation than before. Since the rainfall on these plots during 
September was 6.62 inches, a part of the chlorine losses may have 
occurred in this way. 

Garner and his associates (/) found that a high chlorine content in 
the leaf of tobacco was accompanied by an increase in its water con- 
tent. James (11) has recently observed similar increases in the water 
content of the leaves of potato plants where either muriate of potash 
or potash manure salts had been applied. If considered casually, 
these observations would seem to explain the lower chlorine concen- 
trations observed in the studies reported here bv assuming that the 
concentrations were lowered through an increased absorption of water 
instead of a loss of chlorine. A close examination of Garner's data, 
however, shows that where muriate of potash was applied the in- 
creases in water content are much smaller than the increases in 
chlorine content. James has reported no chlorine analyses, and 
hence it is not possible to determine the status of this relation in his 
studies. On the basis of Gamer's data, the hygroscopicity of chlor- 
ides can not explain the lower chlorine concentrations in the Septem- 
ber samples where muriate of potash was applied, unless it is assumed 
that (1) the capacity of the plants for absorbing chlorides had been 
completely satisfied during both August and September, and (2) 
that the increase in water content did not develop until September. 
Some indirect evidence has already been presented to support the 
first assumption, but the latter is unsupported and probably was not 
operative in the studies reported here. 

RESIDUAL CHLC^lNE 

It is interesting to note from Figure 1 that although the saps from 
the untreated enas of plots Z, 5, 6, and 7 contained less chlorine than 
the saps from the manure and muriate of potaeh plots, they contained 
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more chlorine than the saps from theck plots. As previously stated, 
these four plots received 100 pounds of muriate of potash per acre 
annually from 1909 to 1914. In 1914 they were divided into halves 
and the fertilized halves have since received the same amounts of 
fertilizer as previously applied to the entire plot, making the rate of 
application for muriate of potash 200 pounds per acre since 1914. 
The unfertilized halves have received no fertilizer since 1914. In 
view of the marked effect that muriate of potash exerted on the chlor- 
ine content of the plant sap when applied annually from 1909 to 
1931 inclusive (fig. 1), it is evident that the saps from the untreated 
ends of plots 3, 5, 6, and 7 show the residual effects of the muriate of 
potash applied from 1909 to 1914. The saps from these plots also 
show the residual efl’ects of the potassium applied in the muriate of 
potash {14i Table £). 

The saps from the untreated ends of plots 10, 12, and 13, which 
received farm manure from 1909 to 1914 hut nothing since the latter 
date, show no re.sidual effects of the chlorine supplied by the manure 
approximately 15 years ago. In fact, the saps from these plots con- 
tained slightly less chlorine than most of the check plots. These 
data, therefore, seem to be at variance with the generally accepted 
belief that organic fertilizers, especially farm manures, have residual 
effects of longer duration than do inorganic fertilizers (/S, p. 614; 
20, p. 221). It must be kept m mind, however, that the manure 
supplied less than one-third as much chlonnc as the rnunate of potash 
supplied. Furthermore, the manure plots have consistently returned 
the highest crop yields, and therefore have manifested a larger demand 
for chlorine than the other plots. Hence, the larger demand for 
chlorine occurred on the plots to which the smaller amounts were 
formerly applied. Over the intervening period of about 15 years 
this appears to have been sufficient to exhaust the chlorine which 
remained as residual material when the manure treatment was dis- 
continued on these plots. 

The annual yield data from the plots which formerly received muri- 
ate of potash show a strong tendency for the residual chlorine to be 
inversely proportional to crop growth. (Fig. 2.) The yielding power 
of these plots has thus far been determined largely by the degree of 
fertilization, i. e., whether a complete fertilizer was applied or one 
carrying but one or two of the three major fertilizer constituents, 
nitrbgen, phosphoric acid, and potash. In general, the plots which 
have received but one constituent have given the lowest yields; those 
which have received two constituents have returned fair yields, while 
the plots wliich have received a complete fertilizer have given the 
highest yields. Of the plots showing residual chlorine, plot 3, which 
received a complete fertilizer from 1909 to 1914, shows the least resid- 
ual effect. This plot has a crop yield index of 142 since 1914. Plot 
6, on the other hand, which formerly received muriate of potash only, 
has a yield index of only 104 and shows the strongest residual effect. 
Plots 5 and 7, each of which formerly received fertilizers carrying 
two of the three major constituents, show intermediate residual effects. 
The yield index of 126 for plot 5 is also intermediate, but the index 
of 101 for plot 7 is low. On the whole, those data show that the 
more complete fertilization previous to 1914 has cmised greater crop 
growth since fertilization was discontinued, w'hich, in turn, resulted in 

130648—32 5 
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a heavier withdrawal of the soirs^supply of chlorine and therefore a 
weaker residual effect. Poor fertilization caused inferior crop growth, 
less absorption of chlorides, and therefore a stronger residual effect. 

THE CHLORINE : POTASH RATIO 

Gamer and his associates (f) have recently reported that where 
muriate of potash is used on tobacco, the plant contains approxi- 
mately as much chlorine as potash. They attach considerable sig- 
nificance to the chlorine: potash ratio because the potassium occurring 
in the form of chloride is not available for the formation of salts of 
organic acids, except as replaced by other metals. This is apparently 
important in tobacco because a high chlorine content as well as a low 
content of potash salts of organic acids both have an unfavorable 
effect on the burning quality of the tobacco leaf. 
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Figure 2.— Inverse relationship between crop yields and chlorine content of sap of corn plants 
grown on plots showing residual effects of chlorine applied approximately 15 years ago 


Although the physiology of the com plant is probably very differ- 
ent from that of the tobacco plant in relation to the development of 
qualities that are of importance in the crop, it may be of interest to 
compare the amounts of potash and chlorine occurring in the sap of 
com plants and to determine the effect of various fertilizers on the 
chlorine: potash ratio. Accordingly, the ratios have been calculated 
and are given in Table 2. It is immediately clear from the data that 
there is much less chlorine than potash in the sap of com plants. 
Nearly all of the 1929, 1930, and 1931 ratios lie between 0.1: 1.0 and 
0.3: 1.0, which means that in these three years there was from 10 to 
30 per cent as much chlorine in the sap as there was potash. The 
ratios for 1928 are comparatively high for some reason, many being 
as high as 0v4 and 0.5. 
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Table 2. — Ratio of chlorine to potash %n the sap of corn plaids grown on plots 
receiving different fertilizer treatments 


l*lot No. 




2D* . 

3Di 

3D2 

4Di. 

4 D 2 

5Di 

5Dj 

6 D 1 .. 

OD* 

7D, 

7Ds 

HDi 

SDa 

ODi 

9Da - - 

lODi 

IOD 5 .... 
llDi . .. 
llDj .... 

12D, 

l2Da .... 
13Di... .. 

I3D2 

141), 

14Da .... 


Ratio of chlorine to potash when potash 
equals 1 


Treatment “ 

— 

— 


— 


Aug. 29, 

Aug. 30, 

Aug. 30, ! 

Aug. 27. 


1928 

1929 1 

19:10 ! 

I 

1931 

0 


0.06 ; 

0. 16 i 

0.15 

Ps 

0.21 

. .13 i 

.15 

.28 

0 

.48 

.07 ' 

.23 

.20 

N, Ps, K..,^ 

.54 

.33 ■ 

. 26 

.23 

Cneck-. 

.41 

. 19 : 

.10 

.11 

N(ams), Pr 

.se 

.21 : 

.20 

.12 

0 

.22 

.14 1 

.25 : 

.32 

Ps, K 

.47 

.33 : 

.10 

.38 

0 

.21 

.22 

.27 

.23 

K 

.4S 

.24 . 

.28 

.38 

0 - , 

.40 

.15 

.23 

.24 

N, K 1 

.44 , 

, .20 

. 26 

.21 

0 ... 1 

..W 

.11 

.21 . 

.13 

N, Ps... 

.30 ; 

.22 

. 2:1 

.12 

0 . . .! 

.:u 

; .:40 : 

.21 , 

.27 

N ■ 

.33 

.31 

.21 1 

.43 

0 : 

.21 

.22 

.14 

.17 

M ; 

.33 

.14 

.10 

.16 

Cheek 

.29 

..34 

. .14 : 

.17 

M, Pr - - 

.40 

.14 

.10 

.16 

0 

.19 

. 18 

.16 

.09 

At 

.12 

.06 

.(',9 ' 

.10 

0 

.28 

. 16 

.17 

.07 

M,Ps 


.12 

.19 , 

.13 

C) 



.16 

. 14 ! 

.11 

Pr 

.27 

.07 

.04 

.15 


“Cheek, no treatment since 1909; 0, no treatment since 1914; N, nitrogen from dried Idood; Nfams), 
nitrogen from aiumonium sulphate; M, manure; T'r, rock phosphate; Ps, superphosphate; and £, muriate 
of potash. 

k All plots on range D in 1928, range C in 1929, range B in 1930, and range A in 1931. 


Concerning the effect of fertilizer treatment on the projiortion of 
chlorine to potash in the sap, the ratios are not entirely consistent. 
In general, the effect of manure was to lower the chlorine : potash 
ratio. If sap composition is assumed to be an index of the supply 
of available nutrients in the soil ( 14 ) » this indicates that manure 
supplied the plants with more potash than chlorine. Muriate of 
potash, on the other hand, usually increased the proportion of chlo- 
rine to potash. The increases are relatively small, however, in view 
of the fact that chlorine and potassium were added in approximately 
equal amounts. 

Attention has already been called to the fact that Garner and his 
associates (f) found as much chlorine as potash in the stalks and 
leaves of tobacco plants where muriate of potash was used in the 
fertilizer. Where no muriate was used, the proportion of chlorine 
to potash was similar to the ratios given in Table 2. Since the 
chlorine: potash ratios reported here for com sap do not even re- 
motely approach the proportions of 1:1 where muriate of potash 
was iised, it would seem that as compared to tobacco the corn plant 
has a very limited capacity for absorbing and retaining the chloride 
ion. It must be kept in mind, of course, that Garner's data were 
obtained from analyses, of dehydrated stalk and leaf tissues, and that 
the ratios reported nere represent only the sap fraction that is extract- 
able at 6,500 pounds of pressure per square inch. However, the 
quantities of potassium and chlorine present in the expressed sap 
probably give a fair estimate of their relative abundance in the plant, 
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because it is well known that alrtiou^h these elements enter into 
organic combinations to some extent in the plant, they generally 
remain dissolved in the cell sap and are therefore subject to extrac- 
tion with this part of the plant. These differential capacities of com 
and tobacco for absorbing chlorides from the soil solution are un- 
doubtedly characteristic of the two species of plants and inherent in 
them. Harris and his associates (5, 6, 8) found that Egyptian cottons 
have a larger capacity for absorbing chlorides than do i^pland cottons. 
Upon crossing these two types of cotton, they found this character 
to be heritable; the Fi progeny were intermediate and the F 2 progeny 
showed segregation for the ability to absorb selectively either chlo- 
rides or sulphates. 

RELATIVE ABSORPTION OP CHLORIDE AND SULPHATE IONS 

A number of investigators have shown that plants absorb the 
chloride ion much more readily than the sulphate ion. Reference to 
such work will be limited here to the controlled culture work of 
Hoagland (9) and Hoagland and Martin (10) at the California sta- 
tion and to the extensive field experiments of Garner and his asso- 
ciates (1) in the United States Department of Agriculture. The 
results obtained by these men, as well as those of many others, show 
that the greater absorption of the chloride ion is not limited to a 
few species of plants, but is quite common throughout the plant 
kingdom. The only exception that has come to the writer’s attention 
is the larger sulphate content found by Harris and his associates 
(4, 8) in the leaf-tissue fluids of cotton plants grown on alkali 

soils in Arizona. 

In order to learn whether the general experience of other workers 
concerning the relative absorption of chloride and sulphate ions was 
true of the corn plant, an attempt was made to determine the sulphate 
content of the sap samples gravimetrically. It was soon found, how- 
ever, that the saps contained such small amounts of sulphates that 
it would be impossible to make quantitative determinations unless 
large samples were used. Even the saps from the treated end of 
plot 4, where 200 pounds of sulphate of ammonia have been applied 
annually since 1914, were practically devoid of sulphates. Previous 
analyses for other materials consumed nearly all the sap available, 
and since neither nephelometric nor micro equipment suitable for 
determining small amounts of sulphate was available, it was im- 
possible to make quantitative estimations of the sulphate content 
of the various sap samples. It is clear from this experience and from 
the fact that 10 c c of sap was sufficient to ascertain the chlorine 
content of the samples, that the chloride ion is much more abundant 
in the sap of com plants than is the sulphate ion. It is well known 
that some of the sulphur contained in sulphates is transformed into 
certain proteins and gluoosides within the plant, but it is very im- 
probable that such utilization would account for the large differences 
observed in the chloride and sulphate content of the saps from the 
various plots. The relative ease vrith which muriate of potash and 
farm manure increased the chlorine content of the sap and the failure 
of sulphate of ammonia to increase the sulphate content appreciably, 
makes it quite clear that com plants absorb the chloride ion much 
more readily than the sulphate.. 
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Tliis differential absorption of Ihlorides and sulphates is undoubt- 
edly dependent on (1) the structure, chemical composition, and pore 
spaces of the root-absorbing surfaces, and (2) on the degree of hydra- 
tion, ionic volume, and degree of dissociation of salts (18). Concern- 
ing the latter, it should be noted that the physical and chemical 
properties of the two ions are distinctly different. Thus, it is well 
known that the chlorides are not only more soluble than the sulphates, 
but also that they dissociate to a greater degree. Furthermore, the 
sulphate ion f^proximatcly three times heavier and larger than the 
chloride ion. Chloride ions therefore have a greater diffusion 
velocity than sulphate ions, and, being smaller in volume, have less 
difficulty in passing through the pore spaces of the root-absorbing 
membranes. These differences between the two ions are magnified 
still more by their differential degrees of hydration, for most sulphates 
attract and hold more molecules of water than chlorides do. This 
increases the weight and volume and decreases the diffusion velocity 
of the sulphate ions to a greater extent than for the chloride ions, and 
imposes a greater handicap on the former than on the latter in passing 
through the root membranes. It is clear, then, that such influences 
as aolubility, degree of dissociation, ionic volume, and degree of 
hydration, are all more favorable to the absorption of cliloride ions 
than sulphate ions. Nevertheless, it is unlikely that these diirerences 
in the (chemical and physical properties of the two ions alone can 
account for their differential absorption by plants, for Stiles (16) was 
unable to show any correlation between the rates of diffusion of sul- 
phate and chloride ions into gels and into living cells. It is now 
generally recognized tliat the structure and chemical composition of 
the cell membranes must be taken into consideration as well as the 
j)hyaical and chemical properties of the ions. 

The rate of absorption of chlorides and sulphates from soils of pH 
5.5 to 7 corresponds to their relative positions in the Ilofmeistcr 
series for anions, which, in descending order of mobility, is OH>I, 
Br>N 03 >Ci>HP 04 , S()4 (^, 18). 

HYDROGEN-ION CONCENTRATION OF SAP AS AFFECTED BY CHLORINE CONTENT 

In a previous report (/4, P- 108) on the corn-sap studies now under 
way at the Virginia station, attention was called to a fairly close 
relationship between the acidity of the expressed sap and potassium 
fertilization. In general, the saps from plots where muriate of potash 
had been applied were most acid (below pH 5.40), those from the 
manure plots were somewhat less acid, while those from plots where 
no potash materials had been added were least acid. If these obser- 
vations are correlated with the chlorine concentrations in the sap 
(Table 1), it will be found that there is a positive relation between 
(1) the amount of chlorine supplied by the fertilizer, (2) the chlorine 
content of the expressed plant sap, and (3) the hydrogen-ion con- 
centration of the sap. The saps from the plots winch received 
muriate of potash were more acid than the others because the large 
amount of chlorine supplied by the fertilizer caused a large accumula- 
tion of chloride ions witliin the plant. Manure supplied less clilorine, 
caused a smaller accumulation of cliloride ions within the plant, and 
a lower degree of acidity. Where no chlorine was applied in the 
fertilizer, there was little accumulation of chloride ions within the 
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plants and the expressed sap was stj^l less acid. It is clear, then, that 
because of the relative ease with which the corn plant absorbs and 
accumulates chloride ions, the amount of chlorides at its disposal is 
one of the important factors governing the reaction of the cell sap. 
The soil^s supply of sulphates, on the other hand, apparently plays 
very little part directly in determining the reaction of the sap of com 
plants, because of the difBcultv with which this ion is absorbed. 

The observations reported here with reference to anpeitive cor- 
relation between hydrogen-ion concentration and cldSnne content 
of the sap of corn plants are in accord with those of Harris and liis 
associates (7, 8), who found that the leaf-tissue fluids of Egyptian 
cottons have a Idgher chlorine content and are more acid than those 
of upland cottons. 


SUMMARY AND CONCLUSIONS 

The use of fertilizers containing chlorine increased the chlorine 
content of the sap of com plants. The increase is partially propor- 
tional to the amount of chlorine supplied by the fertilizer. 

Many of the sap samples contain^ slightly more chlorine in Sep- 
tember than in August. Where muriate of potash had been used, 
there was a slight decrease in chlorine content during September. 

Chlorine added in muriate of potash approximately 15 years ago is 
still exerting a residual effect on the chlorine content of the plant sap. 
There is a tendency for this residual effect to be inversely proportional 
to crop vields. 

The chlorine supplied by manure 15 years ago is exerting no residual 
effect at present. 

The sap of com plants contains approximately one-fourth as much 
chlorine as potash. Muriate of potash increased the chlorine : potash 
ratio slightly, while manure lowered it slightly. 

Fertilizers containing sulphur failed to cause an appreciable accu- 
mulation of sulphate ions in the sap of corn plants. 

Corn plants absorb the chloride ion much more readily than the 
sulphate ion. 

As the chlorine content of the sap increases, the hydrogen-ion 
concentration increases also. 
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